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Description 



[0001] The present invention relates to a method and apparatus for making multilayer injection-molded plastic articles 
such as preforms, wherein the successive molding of an inner sleeve and outer layer enables cost-effective production 
of multilayer preforms for pasteurizable, hot-fillable, and returnable and refutable beverage containers. 

[0002] There is described in US-A- 4,609,516 to Krishnakumar et al. a method for forming multilayer preforms in a 
single injection mold cavity. In that method, successive injections of different thermoplastic materials are made into 
the bottom of the mold cavity. The materials flow upwardly to fill the cavity and form for example a five-layer structure 
across he sidewall. This five-layer structure can be made with either two materials (i.e., the first and third injected 
materials are the same) or three materials (i.e., the first and third injected materials are different). Both structures are 
in widespread commercial use for beverage and other food containers. 

[0°°3] An example of a two-material, five-layer (2M, 5L) structure has inner, outer and core layers of virgin polyeth- 
ylene terephthalate (PET), and intermediate barrier layers of ethylene vinyl alcohol (EVOH). An example of a three- 
matenal, five-layer (3M, 5L) structure has inner and outer layers of virgin PET, intermediate barrier layers of EVOH 
and a core layer of recycled or post-consumer oolvethvlfinft t«mnhthaia*o tt> r.Dc*n « ,.! 

ijccess of these containers are that: (1) the amount of relatively expensive barrier material (e.g., EVOH) can be min- 
imized by providing very thin intermediate layers; and (2) the container resists delamination of the layers without the 
use of adhesives to bond the dissimilar materials. Also, by utilizing PC-PET in the core layer, the cost of each container 
can be reduced without a significant change in performance. 

[0004] Although the above five-layer, and other three-layer (see for example US-A-4,923,723) structures work well 
for a vanety of containers, as additional high-performance and expensive materials become available there is an on- 
going need for processes which enable dose control over the amount of materials used in a given container structure. 
For example, polyethylene naphthalate (PEN) is a desirable polyester for use in blow-molded containers. PEN has an 
oxygen barrier capability about five times that of PET. and a higher heat stability temperature - about 250” F (12<m 
for PEN, compared to about 175°F (80°C) for PET. These properties make PEN useful for the storage of oxygen- 
sensitive products (e.g., food, cosmetics, and pharmaceuticals), and/or for use in containers subject to high tempera- 
tures (e g., refill or hot-fill containers). However, PEN is substantially more expensive than PET and has different 
processing requirements: Thus, at present the commercial use of PEN is limited 

[0005] Another high-temperature application is pasteurization - a pasteurizable container is filled and sealed at room 
temperature, and then exposed to an elevated temperature bath for about ten minutes or longer. The pasteurization 
process initially imposes high temperatures and positive internal pressures, followed by a coding process which creates 
a vacuum in the container. Throughout these procedures, the sealed container must resist deformation so as to remain 
acceptable in appearance, within a designated volume tolerance, and without leakage. In particular, the threaded neck 
finish must resist deformation which would prevent a complete seal. 

[0006] A number of methods have been proposed for strengthening the neck finish. One approach is to add an 
additiona! manufacturing step whereby the neck finish, of the preform or container, is exposed to a heating element 
and thermally crystallized. However, this creates several problems. During crystallization, the polymer density increas- 
es. which produces a volume decrease; therefore, in order to obtain a desired neck finish dimension, the as-molded 
dimension must be larger than the final (crystallized) dimension. It is thus difficult to achieve dose dimensional toler- 
ances and, in general, the variability of the critical neck finish dimensions after crystallization are approximately twice 
tiiat prior to crystallization. Another detriment is the increased cost of the additional processing step, as it requires both 

time and the application of energy (heat). The cost of produdng a container is very important because of competitive 
pressures and is tightly controlled. ^ 

[0007] An alternative method of strengthening the neck finish is to crystallize select portions thereof, such as the top 
sealing surface and flange. Again, this requires an additional heating step. Another alternative is to use a high T 

material in one or more layers of the neck finish. This also involves more complex injection molding procedures and 
apparatus. 

[0008] Thus, it would be desirable to provide an injection-molded artide such as a preform which incorporates certain 
high-performance materials, and a commercially acceptable method of manufacturing the same. 

[0009] FR-A-2538297 to Aoki describes a two-step molding process, wherein a full-length inner sleeve of PET is 
formed in a first mdding step on a first core, and the core and sleeve are transferred to a second cavity where a full- 
ength outer layer of polycarbonate is molded over the sleeve. Aoki is directed to providing a specific molding apparatus 
in which a plurality of neck molds are mounted for rotational movement on a rotating platen, and a pair of injection 
cores are disposed for rotational movement above inner and outer molding stations, so that one of the injection cores 
is disposed above that portion of the rotating platen which is in line with the stopping position at the neck mold so that 

T”" C ° reS 030 paSS thr ° U9h ° ne of the neck mo,ds before « is inserted into the inner molding station 
[0010] GB-A- 142956 to Bonis describes a two-step molding process, wherein a full-length inner sleeve is formed in 
a first molding step on a first core, and the core and sleeve are transferred to a second cavity where a full-length outer 
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layer is molded over the sleeve. 

[001 1] JP-5-73568 to Mitsubishi describes a two-step molding process, wherein a full-length inner sleeve of PET is 
formed at a first molding step on a first core, and the core and sleeve are transferred to a second cavity where a full- 
length outer layer of a mixture of PET and gas barrier resin Is molded over the sleeve. Mitsubishi describes a specific 
process having a very long processing time, i.e., the inner layer is formed of a high copolymer which is processed for 
30 minutes in order to increase the density. The outer layer includes a gas barrier polymer mixed with PET in order to 
improve the adhesion with the inner PET layer. 

[0012] The present invention is directed to a method and apparatus for making a multilayer injection-molded plastic 
article, such as a preform, which Is both cost-effective and enables control over the amounts of materials used in the 
various layers and/or portions of the article. 

[001 3] The present invention accordingly provides a method of reducing the Inner layer thickness and Improving the 
layer adhesion in a multiplayer injection-molded plastic article, the method compreing: 

molding an inner sleeve layer between a first mold cavity and core, the first mold cavity being heated to maintain 
an outer surface of the inner sleeve layer at an elevated temperature; 

transferring the core and sleeve layer to a second mold cavity and molding an outer layer over the sleeve layer 
while the outer surface is at the elevated temperature, the outer layer having a thickness greater than the thickness 
of the inner sleeve layer, where the elevated temperature is selected to provide melt adhesion between the inner 
sleeve and the outer layer during the second molding step. 

[0014] According to a method/embodiment of the invention, an Inner sleeve is molded on a first core positioned In 
a first mold cavity. The inner sleeve is only partially cooled before being transferred while still at an elevated temperature 
to a second mold cavity where an outer layer is molded over the inner sleeve. By providing the inner sleeve in the 
second mold cavity at the elevated temperature, bonding between the inner sleeve and outer layer is enabled during 
the second molding step, such that layer separation Is avoided in the final molded article. The inner sleeve may comprise 
a full-length inner sleeve, extending substantially the full length of the article, or alternatively may comprise only an 
upper portion of the article, In which case the outer layer comprises a lower portion of the article and there is some 
intermediate portion in which the outer layer is bonded to the Inner sleeve. 

[0015] In one embodiment, a first thermoplastic material is used to make an inner sleeve which comprises a neck 
finish portion of the preform. The first thermoplastic material is preferably a thermal resistant material having a relatively 
high Tg, and/or forms a crystallized neck finish during the first molding step. In contrast, a lower body portion of the 
preform is made of a second thermoplastic material having a relatively lower thermal resistance and/or lower crystal- 
lization rate compared to the first material, and forms a substantially amorphous body-forming portion of the preform. 
In one example, by achieving crystallization in the neck finish during the first molding step, the initial and finish dimen- 
sions are the same so that the dimensional variations caused by the prior art post-molding crystallization step (and the 
expense thereof) are eliminated. Also, a higher average level of crystallization can be achieved in the finish, by utilizing 
the higher melt temperatures and/or elevated pressures of the molding process. 

[0016] in another embodiment a full-length body sleeve is provided made of a high-performance thermoplastic resin, 
such as PEN homopolymer, copolymer or blend. The PEN Inner sleeve provides enhanced thermal stability and reduced 
flavor absorption, both of which are useful in refill applications. The amount of PEN used is minimized by this process 
which enables production of a very thin inner sleeve layer, compared to a relatively thick outer layer (made of one or 
more lower-performance resins). 

[0017] Another aspect of the invention is an apparatus for the cost-effective manufacture of such preforms. 

[001 8] The present Invention accordingly further provides an apparatus for making multiplayer Injection-molded plas- 
tic articles comprising: 

a first mold cavity set and a second mold cavity set, each first cavity being adapted to form an inner sleeve layer 
and each second cavity being adapted to form an outer layer, the outer layer having a thickness greater than the 
thickness of the inner sleeve layer ; 

a transfer mechanism with first and second core sets for successively positioning the first and second core sets 
in the first and second cavity sets; 

wherein the first core set is positionable in the first cavity set for molding a set of inner sleeve layers on the first 
core set. while the second core set is positionable in the second cavity set for molding, over a previously-molded 
set of inner sleeve layers on the second core set, a second set of outer layers; and 

means for heating the first cavity set so as to maintain an outer surface of the inner sleeve layer at an elevated 
temperature during transfer and molding of the outer layer thereover, the elevated temperature being selected to 
provide melt adhesion between the inner sleeve and outer layer. 
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a) for an inner sleeve of PEN polymer material and an outer layer of PET polymer material 



first molding step: 


range (on the order of) 


core temperature 
mold cavity temperature 
melt temperature 
cycle time 

outer surface temperature of sleeve 


5-80°C 
40-120°C 
275-310°C 
4-8 seconds 
60-1 20°C 


second molding step: 




core temperature 
mold cavity temperature 
cycle time 
pressure 


5-80°C 
5-60°C 
20-50 seconds 
55 x 10 8 - 103 x 10 6 N/m 2 (8000-15,000 psi) 



b) for an inner sleeve of crystallized polyester material and an outer layer of PET polymer material 



first molding step: 


range (on the order of) 


core temperature 
mold cavity temperature 
melt temperature 
cycle time 

outer surface temperature of sleeve 


5-60°C 
80-1 50°C 
270-31 0°C 
5-8 seconds 
80-1 40°C 


second molding step: 




core temperature 
mold cavity temperature 
cycle time 
pressure 


5-60° C 
5-60° C 
20-35 seconds 
55 x 10® - 103 x 10 6 N/m 2 (8000-15,000 psi) 



50 SawSgs™ 6 PfeSent inVenton W " 1 bS m0re PartiCUlar1y 864 forth in the fo " owin 9 ^tailed description and accompanying 
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Figs. 2A-2B are schematic illustrations of an injection-molding apparatus and the sequence of operations for mak 

of cLitiS Rn^A 3 h ,! h ° Wnm Fig ' 1Dl wherein a rotar y turret transfers two sets of cores between two sets 

plsS cavities/cores in a closed position and Fig. 2B shows the cavities/cores in an open 
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Fig. 3 is a time line showing the sequence of operations for the molding apparatus of Fig 2- 

Fig_ 4A is a front elevational view of a returnable and refillable container, partially in section! made from the preform 

of Fig. ID, and Fig. 4B is an enlarged fragmentary cross-section of the container sidewall taken along the line 4B- 
4B of Fig. 4A; 

4 Figs - 5A ‘ 5D are schematic illustrations of a second method embodiment of the present invention for making a 

preform having a finish only sleeve and a multilayer outer layer; 

Figs. 6A-6D are schematic illustrations of an injection-molding apparatus and sequence of operations for making 
a preform such as that shown in Fig. 5D, wherein the transfer mechanism is a reciprocating shuttle; Fig. 6A shows 
the shuttle in a first closed position in first and second mold cavities; Fig. 6B shows the shuttle In a second open 
position after retraction from the first and second mold cavities; Fig. 6C shows the shuttle In a second open position 

beneath the second and third mold cavities; and Fig. 6D shows the shuttle in a fourth closed position in the second 
and third mold cavities; 

Fig. 7 Is a time line of the sequence of operations shown in Fig. 6; 

„ Fi9 ' 8A is a cross ' sectional view of a third Preform embodiment of the present invention having a full-thickness 
neck sleeve and multilayer body portion, and Fig. 8B is an enlarged fragmentary view of the neck finish of the 
preform of Fig. 8A; 

Fig. 9A is a front elevational view of a hot-fill container made from the preform ofFlg.8A,andFlg. 9B is a fragmentary 
cross-section of the container sidewall taken along line 9B-9B of Fig. 9A; 

Fig. 10 Is a cross-sectional view of a fourth preform embodiment of the present invention, having a full-length body 

20 sleeve and multilayer outer layer 

Rg. 1 1 1s a cross-sectional view of a fifth preform embodiment of the present invention, including a full-length body 
sleeve and an extra outer base layer; 

Fig 12 is a cross-sectional view of a sixth preform embodiment of the present invention, having a finish sleeve 
and a single layer outer layer; 

25 Figs. 13A and 13B are graphs showing the change in melting temperature (MP) and orientation temperature (T ) 
for various PEN/PET compositions; and ' 

Fig. 14 is a schematic illustration of a three-station reheating apparatus, including IR heating stations A and C and 
RF heating station B. “ 

30 First Preform Embodiment (refillable water) 

[0023] Rgs. 1A-1D illustrate schematically one method embodiment for making a preform with a full-length body 
sleeve and a single outer layer; this preform is particularly useful for making a returnable and refillable water bottle. 
i ®* 10WS a flrst core 9 Positioned in a first mold cavity 11 , and forming a chamber therebetween in which there 
Is formed an Injection-molded Inner sleeve 20. The sleeve 20 is partially cooled and then the core 9 carrying sleeve 
20 Is removed from the first mold cavity as shown in Fig. 1 B. While still warm, the sleeve 20 on core 9 Is inserted into 
a second mold cavity 12 which forms an interior molding chamber for forming an outer layer 22 over the inner sleeve 
20. After the second molding step, a preform 30 has been formed Including outer layer 22 and Inner sleeve 20 as 

shown in Rg. ID. The inner sleeve includes a top flange 21 which will form the top sealing surface of the resulting 
40 container (see Fig. 4). 

[0024] The first method embodiment will now be described In greater detail in regard to the apparatus shown in Figs 
2A-2B, and a time sequence of operations Illustrated in the time line of Fig. 3. 

[0025] As shown in Figs. 2A-2B, a four-sided rotatable turret 2 is interposed between a fixed platen 3 and a movable 
p aten 4 on an injection-molding machine. The turret 2 is mounted on a carnage 5 which is slidable in the direction of 
platen motion (shown by arrows A 1 and Aj). The turret 2 is rotatable (shown by arrow A 3 ) about an axis 6 disposed 
perpendicular to the direction of platen motion. The turret is rotatable into two operative positions spaced 180° apart. 

In each of these positions, the two opposing faces 7/8 of the turret carrying first and second sets of cores 9, 10 
respectively, are received in a first set of cavities 11 on the movable platen 4, and a second set of cavities 12 on the 
fixed platen 3. After a core set has been successfully positioned in each of the mold cavities, the finished preforms 
may be ejected from the cores. Each of the mold cavity and core sets include water passages 1 5 for heating or cooling 
of the cavities/ cores to achieve a desired temperature during molding. 

[0026] The sequence of operations for forming a particular preform will now be described. The preform has a full- 
body sleeve of a PEN polymer, such as homopolymer PEN, or a PEN/PET copolymer or blend. The preform has a 
single outer layer made of virgin PET. 

55 [0027] In Fig. 2A, the movable platen 4 carrying the first set of mold cavities 1 1 , and the carriage 5 carrying the turret 

2, are each moved on guide bars (tie rods) 13, 14 to the left towards the fixed platen 3 to close the mold (i.e., both 
cavities). The first set of cores 9 on the left face 7 of the turret are positioned in the first cavity set 11 (first molding 
station), each first core/cavity pair defines an enclosed chamber for molding an inner sleeve about the first core. The 
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iS i njeCted 7 n02Zle 16 in, ° the first mold cavities t0 form <he inner sleeve. Simultaneously the second 
core set 10 (on the second face 8 of the turret) is positioned in the second cavity set 12 (second nwldlS^ftSj 

SSL ITr T m0ld o S 0pened as Sh0Wn in Fi9 ' 28 by movi " 9 both the movable P'aten 4 and carriage 5 to the left 
iS! i C T S ® are rem ° Ved from ,he first cavit V 11 and the second cores 10 are removed from the second 
. . ^ 12 ' N .° w ' be finished P-forms 30 on the second core set are ejected. The finished preforms 30 may be ejected 
1 *° Ltnf 0f r0b0 ‘ C °°^. 9 tubes (not shown ) ^ is w e» known in the art. Next, the turret 2 is rotated 180°, whereby the 
Jf “ f ® S 9 . Wlth , he 'nner sleeves 20 thereon are now on the right side of the turret (and ready for insertion into 
fire wcond set of cavities), while the second set of (empty) cores 10 is now on the left side of the turret (ready for 
msertion into the first set of mold cavities). Again, the mold is closed as shown in Fig. 2A and injection of the polymer 
in *° 9,0 first and second sets of cavities proceeds as previously described. V 

2SL ® mb °diment,the first and second cores are held at a temperature in a range on the order of 60-70°C 

fh^ inn . ti V \ posd,oned In the first mold cavities or the second mold cavities. The first mold cavities (for forminq 

tne inner sleeve) are held at » tomnorat..^ ™ ♦*, . «• ^ ... . ^ u ° r rormin 9 

the ordernf 9 ftiw 9 Q«o r rhl^l‘7 T' 7'* ' ne temperature of the PEN polymer is on 

th!Sl2| 285 '^^L^ d me ' n ^ firStmoldcavityisontheorderof6 - 7s econds,i.e., the time lapse between 
in ^ 17,13 ' S because - as shown in Fig. 3, the hold and cool stage is substantialNeliminated 

[™JL ° U r^ 8 / SeC T^ molding Step ’ the core temperature is again at 60-70°C, but the second mold cavity tem- 
t ^. B ^ C (much 'war than the first cavity temperature, to enable quick cooling of the preform) The melt 

£7 V '? n dIm ° n * he ° rder ° f 260 *° 275 ° C: this fe lower ^aa the melt temperatmTof fire PEN 
fSTT 7 !“ U f® 7 PEN polymer fe ati 11 warm (at a temperature of 100-110°C) during the second molding step 

chains and virgin PET poivmer chains tinner si«J! HOfi, ^7 QWAp\ Tl 1 A3 • POlyTH© 




step is on the order of 35 to 37 seconds. 

[0031] Fig. 3 is a time line with the cycle time along the x axis (time in seconds), and the sequence of steos in the 

L°'£r U * F «- 2A) •» P~~. « butt up. At 1. 1.6 secM s, the s«oud PM. (L Zi'i™ 

outer layer) is filled, the pressure boosted, and then the pressure reduced during the hold and coolinq staqe- this 

SSS? SI the . se “ nd Meanwhile, no action is required at t = 1 .5 seconds in the first cavity 

Sd u^l t n ° I nb t r r 1 i S8COndS that the first fe fiBed and the pressure increased and 

, 1 " 33 seconds. This substanbal elimination of the hold and cooling stage (in the first cavity) produces an 

IZliTtt h? * I! f a " IT* temperatUre ^ is cahsequentiy is positioned in the^nd^a^d 
W ? he ,m n TTf 00 th0 ° uter surface of *» inner sleeve and outer layer. At t = 33 seconds theTddte 
P a0d ( f' 9- and ‘h® Preforms from the second cavity are ejected. Then, at t = 35 seconds the turret 2 is 

^^®° aS *° positlon the ^""Warm sleeves (just made in the first cavity) in a position to be inserted into the second 

T f 6 * (preVi0USly in the S8Cond aavity) is now positioned to be inserted in the first cavity. 
At t - 36 seconds, we are ready to begin the next cycle. y 

fJl If rr a " d apparatus of Fig. 2 may be advantageously used to produce multilayer preforms for a great 
109 refil1 ’ h ° t ' fil1 and pasteurizab,e detainers. A number of alternative embodiment are 

10033] The preform made according to the method and apparatus of Figs. 1-3 includes a full-body inner sleeve 20 
and 77 s ' n9le outer layer 22 of v ‘ r 3 in PET - Th® preform is substanfially transparent and amorphous 

stovTiJ FinTfT? and i J retcb blow -molded to form a 1.5 liter returnable and refillable water bottle, suchTs ttiat 

dSe? Se^nt^np^ r ' S inCheS (335 mm) in hei9ht and about 3 6 inchas <« mm) in widest 

f J'"‘7\ The contain er body has an open top end with a small diameter neck finish 42 having external screw threads 

^ kT, 3 ^ “ P (n0t Sh0Wn) ’ and a dosed bottom end or base 48. Between the nedc ^ “SS 
luL 7?, ? l, y Kj|S P° sed side wall 45 (defined by vertical axis or centerline CL of the bottle) including^ 
Panel port '°" 46 and a shou,der Perlioa 44 tapering in diameter from panel 45 to neck finish 
sideSir„l a r amPa9n r ¥ebaSe With 3 Central 9ate poriion 51 and ' m °Vng radially outwardly towards the 

basTwrton 7 T inWard ' y C ° nCaVe Chime 541 and a radially increasin 9 and arcuate outer 
base portion 56 for a smooth transition to the sidewall panel 46. The chime 54 is a substantially toroidal-shaped area 
around a standing ring (chime) on which the bottle rests. P rea 

222J* 48 Sh ° WS l n cr °ss-section the multilayer panel portion 46, which includes an inner sleeve layer 41 (an 
benpm ?♦! of P refor m sleeve 20), and an outer layer 43 (an expanded version of preform outer layer 22) One 
enefit of the present invention is that the layers 41 and 43 have bonded and will not separate during repeat stretch 
molding or use of the container, in this case including the intended 20 or more refill cycles. In addition a flange 
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47 (same as flange 21 of the preform) forms a top sealing surface of the container with increased strength and thermal 
r6sist3nc6* 
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Second Preform Embodiment (oasteurizable beer) 

[0035] Figs. 5A-5D illustrate schematically a second method embodiment for making a finish-only sleeve and a mul- 
tiple outer layer preform; this preform is adapted for making a pasteurizable beer container. Fig. 5A shows a core 207 
posifloned in a first mold cavity 213; together they form a first molding chamber in which a finish-only sleeve 250 is 

ISIS £ f an , inject L on nozzle 211 ln the mold 213, through which a molten thermoplastic 

material is injected for forming the sleeve 250. Fig. 5B shows the formed sleeve 250 on the core 207, the sleeve having 

been removed from first mold cavity 213 while it is still warm. The core 207 carrying the sleeve 250 is then positioned 
m ° ld cavity 214 as shown in Fig. 5C. The second mold cavity 214 and core 207 form a second molding 

K T a "° Ufer layer 252 over the inner sleeve 25 °- A Plurality Of different thermoplastic materials 
are injeded through a gate 209 in the bottom of the second mold cavity 214, to form the multiple outer layers. As shown 

°:r o 0 t r ' aye : 252 ex,8nds the m leng,h of the preform - A S8( l u ® nt| al Injection process such as that 
nf S?n e ppr U ' S ' ^ ate !’ 609,516 *° Krishnakumar et al - ma y b ® used to form inner and outer layers 253, 254 
oZ 2 *® of recyded PET < which ma y 'nclude an oxygen scavenging material), and inner and outer 
I?n^ d f , oct 2 ! 6 ’ 257 ° f an oxy9en barrler ma,erial - between the Inner/core/outer layers. In this embodiment, 
only the virgin PET extends up Into the neck finish of the preform, forming a single layer 258 over Inner sleeve 250 In 
thebase of the preform, a final Injection of virgin PET forms a plug 259 for clearing the nozzle before the next Injection 

[0036] Figs. 6A-6D illustrate a reciprocating shuttle apparatus, Instead of the rotatable turret of Figs. 2A-2D which 
emnprises a second apparatus embodiment. This second apparatus will now be described with respect to forming the 
preform of Fig. 5. Fig. 7 shows a time line of the sequence of operations. 

HJJ Tb® apparatus (see Figs. 6A-6D) Includes first and second parallel guide bars 202, 203 on which a platen 
, n _ a movably mounted In the direction of arrow The platen 205 carries a platform or shuttle 206 which is movable 
in a transverse direction across the platen 205 as shown by arrow Ag. A fixed platen 212 at one end of the guide bars 
i JecB °" ™ l^fy 8618 213 - 214 and 215 which are supplied by nozzles 218, 219 and 220 respectively. 

, , 9 !!! thirt)8 f' ity 8818 213 and 215 are usad »o form neck portions of preforms, while the middle 
(second) cavity set 214 is used for molding body-forming portions. 

[0038] Fig 5A shows an arbitrarily-designated first step wherein the first core set 207 is positioned in left cavity set 
...^° r ^™ n9 a 8et of Preform neck portions (sleeves). Simultaneously, second core set 208 is positioned in 
middle cavity set 214 for molding a set of multilayer body-forming portions (over a second set of previously molded 
neck portions). Fig. 5B shows the core sets following removal from the cavity sets, with a neck sleeve 250 on each 

core of core set 207. and a preform 260 on each core of core set 208. The completed preforms 260 are then ejected 
mom tne core set 208. 

[0039] In a second step (Fig. 6C), the shuttle 206 Is moved to the right such that the first core set 207 with neck 

l 6 ^ 652 ^ ? re T? positioned below middle ^vity 214, while second core set 208 with now empty cores 216 is 
positioned below right cavity set 215. Movable platen 205 is then moved towards fixed platen 212 so as to position 
first core set 207 In middle cavity set 214, and second core set 208 in right cavity set 215 (Fig. 6D). Again, body-forming 
portions are formed over the previously formed neck sleeves in middle cavity set 214, while neck sleeves are molded 
on each of foe cores In the core set 208 In right cavity set 215. The movable platen 205 Is then retracted to remove 

C3Vlty sets ’ the flnlshed pr ® fonms on *b® firat core set 207 are ejected, and the shuttle 206 returns 
to tne left for molding the next set of layers. 

[0040] Fig. 7 is a time line of foe operations shown In Fig. 6, with time in seconds along the x axis, and foe sequence 
of steps in foe second cavity 214 shown above foe x axis, and foe sequence of steps in foe first cavity 213 shown 
below foe x axis First, at t = 0, the mold Is closed (Fig. 6A) and foe pressure builds up. Then, at t = 1.5 seconds foe 
second cavity 214 is filled (forming foe outer layer), foe pressure increased, and the pressure held while foe preform 
orols, until t = 21 seconds. Meanwhile, no action is required in foe first cavity at t = 1.5 seconds; at t = 20 seconds 
foe first cavity 213 is filled with PEN polymer and the pressure increased and held until t = 21 seconds (again foe hold 
a . ndC ®° 1 " 9 8tage has been substantially eliminated in foe first cavity set by delaying foe filling stage until near foe end 
of foe hold and cooling stage for foe second cavity set). At t = 21 seconds, the mold is opened and the preforms 260 
are ejected from the second cavities. At t = 23 seconds, the shuttle 206 with the still warm neck sleeves is transferred 
P ° Siti0n 33 Sh0wn in Fig - 6C - and at ‘ = 24 seconds the mold is closed as shown in Fig. 6D 
r Jo hlS partlcular ® mb °diment, the first and second core sets 207, 208 are held at a temperature on the order 
of 60-70 Cdunng both of the first and second molding steps. The first mold cavity (for forming the neck finish sleeve) 
is on the order of 75-85°C. The PEN polymer has a melt temperature on the order of 275-285°C. The cycle time in the 
rs cavity is on the order of 5-6 seconds; this is the time lapse between the first and second injection steps. The surface 
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arr of the sieeve at the time ° f the second injecti ° n is ° n the order 1 owiw 

It a temnlS 0 mo * din 9 ste P . the core temperature is on the order of 60-70°C, and the second mold cavity is 

The eSld t ° n * h f ( r ° 5 ' 10 ° C - Th8 Cyde time in the second mold «vlty is on th e order of 23-25 seconds 
elevated temperature at the outer surface of the sleeve, at the time of the second molding step causes melt 

PElTthe oute Ilf dlffU T Chai " entang,emen ‘) between the PEN polymer of the sleeve and the virgin 

PET of the outer layer portion 258 which is adjacent the sleeve 250. 

Third Preform Embodiment (hot fill) 

andFkjs 9A ^show^^H h *"2™™ illUStrated ** FigS ' 8 ' 9 ‘ Figs ‘ 8A -« B sh ™ a multilayer preform 330 

sleevI foms mVInL I f 3 bo “ e 370 made from the prefo "" of Fi 9- 8. In this embodiment, a first molded 
sleeve forms the entire thickness of the neck finish, and is joined at its lower end to a second molded body-forming 

[0044] Fig. 8A shows a substantially cylindrical preform 330 (defined by vertical centerline 332) which includes an 
upper neck portion or finish sleeve 340 bonded to a inwor Z « ~ ® . .! wnicn ,nc,udes an 

I ^“des an upper sealing 

TW te a^^STemnlrn “* 3 lowermost flan 9 e CPET, sold by Eastman Chemical, Kingsport,’ 

terephthalate polymer with nucleating agents which cause the polymer to crystallize during the 

form?rT<^Kn^ f r CeSS ' B ® ° W , th ® neck finish 340 is a body-forming portion 350 which includes a flared shoulder- 
fo - ,ng ^° n 3511 Increasin 9 (radially inwardly) in wall thickness from top to bottom, a cylindrical panel-formino 
secbon352 having a substantially uniform wall thickness, and a base-forming section SMB^ylSngs^oS 

la^S’rf !LT 0rPh0US *2S made 61 the fOll0Win 9 threo la V ens in serial order outer layer 354 of virgin PET core 
layer 356 of post-consumer PET; and inner layer 358 of virgin PET. The virgin PET is a low copolymer having 3% 

comonomers (e^g., cyclohexane dimethanol (CHDM) or isophthalic add (IPA)) by total weight of the copolymer A last 
shot of virgin PET (to dean the nozzle) forms a core layer 359 in the base copolymer. A last 

'! '<**** for making 8 ho, - fil1 beverage “"^er. ■* embodiment, the preform 
a height of about 96.3mm, and an outer diameter in the panel-forming section 352 of about 26.7mm The total wall 

Is abw4 4mm. and the tmnmm rf ft. ra «o» 

fj,' ‘ay® 135 ® about 2mm, and iniwlayw 358 of atteit 1mm. The patterning section 3S2 
a^ 9 ® planar stretch ratio of about 10:1, as described hereinafter. The ptanarstretch ratio is 
MndSf^toT- “ , ® Pr ®! b,in pane| - fomin 9 Portion 352 to the average thickness of the container 

® T" 9 ^ l9ngth ° f the respecUve preform « container portion. For hot-fill 
S3 K t 2 ° ® fS VOlUm ® and about 035 *° °' 60 millimeters in panel wall thickness a 

3 3to38 andtt3 td ! *2 o‘o 12 ’ ^ m ° f ® preferably abou * 10 to 11 . The hoop stretch is preferably about 

and d ^ stretch about 2.8 to 3.2. This produces a container panel with the desired abuse resistance 

tarenlS? I 1 !! d !! ir6d ViSUal • ransparenc V- Tb a specific panel thickness and stretch ratio sScted 

exS« hv L T nSI ° nS ^ ^ ’ th ® intemal pressure - and 8,0 Processing characteristics (as determined for 

example, by the Intrinsic viscosity of the particular materials employed) 

3? 'IT *, t0 ® nhance the crystallinity of the neck portion, a high injection mold temperature is used at the first 
?° n ’ embod,ment * CPET resin 31 3 meft temperature of about 280 to 290°C is injection molded at a 
^d cavrty^perature of about 110 to 120°C and a core temperature of about 5 to 15X. and a cyde time o^ 

125°C) aretoen? a n I s 3 T' ^ *“ l Wa " n ^ (0Ut ® r SU ' 1ace tem Perature of about 115 to 

^ i T to ‘ba second station where multiple second polymers are injected to form the multilayer 

bwty-fwmmg portions and melt adhesion occurs between the neck and body-forming portions. The core and/or cavity 
®® tat th ® second station are cooled (e.g., 5 to 15°C core/cavity temperature) in order to solidify the performs and 
v m d ® (Cyd ® tim ® ° f about 23 to 25 second8 > with acceptable levels of pL-mota shrinkage 
temSre"i de'dred. 34 Stati °" S indUde Wa ‘® r ^^eating passages for adjusting toe 

If3 rfi *12 harein . "melt adhesion- between toe inner sleeve and outer layer is meant to indude various types 
a 25 iT^f 0CCU . r dU ® *° enhanc8d temperature (at toe outer surface of toe inner sleeve) and pressure^ 

ste2^Il m?° n w °h Z°" ° f 55 x 106 - 103 x 10S N/m 2 (8000-15,000 psi) during toe second molding 

step, wh ch may indude diffusion, chemical, chain entanglement, hydrogen bonding, etc. Generally, diffusion and/or 
c ain entanglement will be present to form a bond which prevents delamination of toe layers in toe preform and in the 

Z - ,00m , "" Perato (25 " CI “ •*"* * «7n,mVXr," d „S 

witl^a^rote^tinn ®^P anded view °‘ ‘ h ® Hack finish 34° of preform 3 30. The monolayer C PET neck finish is formed 

outer ia3S JSfJJ T' T surrounded (interlocked) by the virgin PET melt from the inner and 

outer layers 354,358 at the second molding station. The CPET neck finish and outermost virgin PET layers of the body 
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are melt adhered together in this intermediate region (between the lower end of the neck finish sleeve and the upper 
end of the body-forming region). 

[0049J Fig. 9A shows a unitary expanded plastic preform container 370, made from the preform of Fig. 8. The con- 
tainer is about 182.0mm in height and about 71 .4mm in (widest) diameter. This 454 cm 3 (16-oz.) container is intended 
s for use as a hot-fill non-carbonated juice container. The container has an open top end with the same crystallized neck 
finish 340 as the preform, with external screw threads 343 for receiving a screw-on cap (not shown). Below the neck 
finish 340 is a substantially amorphous and transparent-expanded body portion 380. The body includes a substantially 
vertically-disposed sidewall 381 (defined by vertical centerline 372 of the bottle) and base 386. The sidewall includes 
an upper flared shoulder portion 382 increasing in diameter to a substantially cylindrical panel portion 383. The panel 
10 383 has a plurality of vertlcallyelongated, symmetrically-disposed vacuum panels 385. The vacuum panels move in- 

wardly to alleviate the vacuum formed during product cooling In the sealed container, and thus prevent permanent, 
uncontrolled deformation of the container. The base 386 is a champagne-style base having a recessed central gate 
portion 387 and moving radially outwardly toward the sidewall, an outwardly concave dome 388, an inwardly concave 
chime 389, and a radially increasing and arcuate outer base portion 390 for a smooth transition to the sidewall 381 . 
15 [ 0050 ] Fig. 9B shows In cross section the multilayer panel portion 383 including an outer layer 392, a core layer 394, 

and an inner layer 396, corresponding to the outer 354, core 356 and Inner 358 layers of the preform. The Inner and 
outer container layers 392, 396 (of virgin PET copolymer) are each about 0.1mm thick, and the core layer 394 (of post- 
consumer PET) is about 0.2mm thick. The shoulder 382 and base 386 are stretched less and therefore are relatively 
thicker and less oriented than the panel 383. 

20 

Fourth Preform Embodiment 

[ 0051 ] A fourth preform embodiment is illustrated in Fig. 10. A multilayer preform 130 is made from the method and 
apparatus of Figs. 1-2, and Is adapted to be reheat stretch blow-molded into a refillable carbonated beverage bottle 
25 similar to that shown in Fig. 4, but having a thickened base area Including the chime for increased resistance to caustic 

and pressure induced stress cracking. 

[ 0052 ] 'In Fig. 10 there is shown a preform 130 which includes a PEN Inner sleeve layer 120, and a three-layer outer 
layer comprising outermost (exterior) virgin PET layer 123, first intermediate (Interior) PC-PET layer 124, and second 
intermediate (Interior) virgin PET layer 125. The inner sleeve layer 120 is continuous, having a body portion 121 ex- 
30 tending the full length of the preform and throughout the base. The sleeve layer further includes an upper flange 122 
which forms the top sealing surface of the preform. The outer layer similarly extends the foil length and throughout the 
bottom of the preform. 

[ 0053 ] The preform 130 includes an upper neck finish 132, a flared shoulder-forming section 134 which Increases 
in thickness from top to bottom, a panel-forming section 136 having a uniform wall thickness, and a thickened base- 
35 forming section 1 38. Base section 1 38 includes an upper cylindrical thickened portion 1 33 (of greater thickness than 
the panel section 1 36) which forms a thickened chime in the container base, and a tapering lower portion 1 35 of reduced 
thickness for forming a recessed dome in the container base. A last shot of virgin PET (to dean the nozzle) forms a 
core layer 139 In the base. A preform having a preferred cross-section for refill applications is described in U.S. Patent 
5,066,528 granted November 19. 1991 to Krishnakumar et al., which Is hereby incorporated by reference In its entirety. 
*o [ 0054 ] This particular preform is designed for making a refillable carbonated beverage container. The use of an inner 
sleeve 120 of a PEN homopdymer, copolymer, or blend provides reduced flavor absorption and increased thermal 
stability for Increasing the wash temperature. The Inner PEN sleeve can be made relatively thin according to the method 
of Fig. 1. The interior PC-PET layer 124 can be made relatively thick to reduce the cost of the container, without 
significantly affecting performance. In this example, the preform has a height of about 7.130 inches (181.1 mm), and 
45 an outer diameter in the panel-forming section 136 of about 1.260 inches (32.0mm). At the panel-forming section 136, 
the total wall thickness is about 0.230 inches (5.84 mm), and the thicknesses of the various layers are: inner layer 120 
of about 0.040 inches (1.0 mm), outermost layer 123 of about 0.040 inches (1.0 mm), first intermediate layer 124 of 
about 0.130 Inches (3.30 mm), and second intermediate layer 125 of about 0.020 Inches (0.5 mm). The panel-forming 
section 136 may be stretched at an average planar stretch ratio of about 10.5:1, as described hereinafter. The planar 
so stretch ratio is the ratio of the average thickness of the preform panel-forming portion 1 36 to the average thickness of 
the container panel (see for example sidewall 46 in Fig. 4), wherein the "average* is taken along the length of the 
respective preform or container portion. For refillable carbonated beverage bottles of about 0.5 to 2.0 liters in volume 
and about 0.5 to 0.8 millimeters in panel wall thickness, a preferred planar stretch ratio is about 7.5-10.5, and more 
preferably about 9.0-10.5. The hoop stretch is preferably about 3.2-3.5 and the axial stretch about 2.3-2.9. This pro- 
55 duces a container panel with the desired abuse resistance, and a preform sidewall with the desired visual transparency. 
The specific panel thickness and stretch ratio selected depend on the dimensions of the bottle, the internal pressure 
(e.g., 2 atmospheres for beer and 4 atmospheres for soft drinks), and the processing characteristics (as determined 
for example, by the intrinsic viscosity of the particular materials employed). 
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?n°the order 'oH 00 5c ‘and T t' 66 " 6 'T °' 5 *° 1 ° mm) ’ 8 SUi,ab,e mo,d temperature would be 
295°C andcLde timi'nf lh , « ! T temperatur e * about 5 to 15°C, for a PET melt temperature of about 285 to 

to the second station ° I Se . C ° ndS - The first core set and warm inner la y er are then immediately transferred 

o the second station where the outer layers are injected and bonding occurs between the inner and outer layers fe 

The fS SUrfa t C8 °: ,nner PEN SleeV ® l8yer at abouf 90 10 100 ° c and innermost PET layer at about 260 to 275° C) 
the S ! and /,° r Sec ° nd cavif y set a ‘ tha ^cond station are cooled (e.g., about 5 to is4) n order ?o solidilt 

water STnlLr rem0va ' from 1 the mold - The cores and cavities at both the first and second stations include 
water cooling/heating passages for adjusting the temperature as desired. 

^ be * nner s i eeve layer 120 is made from a high-PEN copolymer having 90% PEN/10% 

ml'T'r.T ? T’ and in the caM,m panel is about 0004 inches (0.1 0 mm) thick ZouteSaSe; 

0 004 in Jn J SSc'X Sh r in i 3 I° f m °" 0merS (e ' 9 -* CHDM ° r IPA) - and in O' 0 “"talner panel is about 
mmll ftidcThe ? * intermediate layer 124 is PC-PET, and in the container panel is about 0.012 in (0 30 

mm)ttHck. The second intermediate layer 125 is the same virgin PET low copolymer as outermost layer 123 and in 

SreS^ ^ontainer shoulder and base (see 44 and 48 in Fig. 4A) are 

omu ,ooo uiicmtfu man me panel (see 46 in Fig. 4A). 

Fifth Preform Embodiment 

En St 'J. 1 a, ] 0ther f ? form embodiment for a refillable carbonated beverage container This 

ZThI. an ! ddltl ° nal ou,ermos t layer in the base only for increasing caustic stress crack resisten^SemS 
2 P°^c°nsumer PET for reducing the cost The preform 160 includes an upper neck finish 162 shoul- 
der-forming portion 164, panel-forming section 166, and base-forming portion 168. The 

throughout the length (including the bottom) of the preform and includes an upper 

Iho !^n « f contain er- A thin interior layer 175 of the high IV virgin PET may also be formed accordino to 

PcS ft^ th«^ 0r ) Pm< T S P ™ V '° USly referenC8d - A test shot 176 at high IV virgin PET is used to cStf the 

container may be either a footed or champagne base container reSUlt,ng 

Sixth Preform Embodiment 

22JLT^ embodiment including a high-temperature neck finish sleeve 1 90 and a single 

uter layer 194 for forming a hot-fill container. The preform 180 includes a neck finish 182, shoulder-formino oortkm 
-184, iMnel-forming portion 186, and base-forming portion 188. The inner sleeve 190 includes a neck finish portion 191 
sub® «* along the length of the upper threaded neck finish portion tS/m. cS “ST™ 

Thaaa | er lay0r 1 94 fe made of virgin PET. This preform is intended for making hot-fill containers wherein the 
inner sleeve 190 provides additional thermal stability at the neck finish. containers, wherein the 

[0060] In further alternative embodiments, a triple outer layer of virgin PET, PC-PET. and virgin PET may be used. 
Alternative Constructions and Materials 

Eirr are " u ™ erous P refomi and container constructions, and many different injection moldable materials 

** *« >— ■ AdOhatoai 

SuSp n^,r,° PlaS ^ P °T erS US6fUl in tbe present invention indude Po'yestere, polyamides and polycarbonates 
tereohLla p ^ 7 P ° lymerS ’ copolymers or blends of Polyethylene terephthalate (PET), Jolybutylene 

TO < PAN >’ «y*lizobl. oyton (MXMtX Y t“pE) 8 po^W«. m 
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[0063] Polyesters based on terephthalic or isophthalic acid are commercially available and convenient. The hydroxy 
compounds are typically ethylene glycol and 1,4-di-(hydroxy methyl)-cyclohexane. The intrinsic viscosity for phthalate 
polyesters are typically in the range of 0.6 to 1.2, and more particularly 0.7 to 1.0 (for O-chlorolphenol solvent). 0.6 
corresponds approximately to a viscosity average molecular weight of 59,000, and 1 .2 to a viscosity average molecular 
5 weight of 112,000. In general, the phthalate polyester may include polymer linkages, side chains, and end groups not 
related to the formal precursors of a simple phthalate polyester previously specified. Conveniently, at least 90 mole 
percent will be terephthalic acid and at least 90 mole percent an aliphatic glycol or glycols, especially ethylene glycol. 
[0064] Post-consumer PET (PC-PET) is a type of recycled PET prepared from PET plastic containers and other 
recyclables that are returned by consumers for a recycling operation, and has now been approved by the FDA for use 
10 in certain food containers. PC-PET is known to have a certain level of I.V. (intrinsic viscosity), moisture content, and 
contaminants. For example, typical PC-PET (having a flake size of one-half Inch maximum), has an I.V. average of 
about 0.66 dl/g, a relative humidity of less than 0.25%, and the following levels of contaminants: 

PVC: < 100 ppm 
15 aluminum: < 50 ppm 

olefin polymers (HDPE, LDPE, PP): < 500 ppm 
paper and labels: < 250 ppm 
colored PET: < 2000 ppm 
other contaminants: < 500 ppm 

20 

PC-PET may be used alone or In one or more layers for reducing the cost or for other benefits. 

[0065] Also useful as a base polymer or as a thermal resistant and/or high-oxygen barrier layer is a packaging material 
with physical properties similar to PET, namely polyethylene naphthalate (PEN). PEN provides a 3-5X improvement 
in barrier property and enhanced thermal resistance, at some additional expense. Polyethylene naphthalate (PEN) Is 
25 a polyester produced when dimethyl 2,6-naphthalene dicarboxylate (NDC) is reacted with ethylene glycol. The PEN 
polymer comprises repeating units of ethylene 2,6 naphthalate. PEN resin Is available having an Inherent viscosity of 
0.67d!/g and a molecular weight of about 20,000 from Amoco Chemical Company, Chicago, Illinois. PEN has a glass 
transition temperature T g of about 123°C, and a melting temperature T m of about 267°C. 

[0066] Oxygen barrier layers indude ethylene/vinyl alcohol (EVOH), PEN, polyvinyl alcohol (PVOH), polyvlnytdene 
30 chloride (PVDC), nylon 6, crystallizable nylon (MXD-6), LCP (liquid crystal polymer), amorphous nylon, polyacrylonitrile 
(PAN) and styrene acrylonitrile (SAN). 

[0067] The intrinsic viscosity (I.V.) effects the processability of the resins. Polyethylene terephthalate having an in- 
trinsic viscosity of about 0.8 Is widely used In the carbonated soft drink (CSD) industry. Polyester resins for various 
applications may range from about 0.55 to about 1 .04, and more particularly from about 0.65 to 0.85dl/g. Intrinsic 
35 viscosity measurements of polyester resins are made according to the procedure of AS TM D-2857, by employing 
0.0050 ± 0.0002 g/ml of the polymer in a solvent comprising o-chlorophenol (melting point 0°C), respectively, at 30°C. 
Intrinsic viscosity (I.V.) Is given by the following formula: 

40 IV= ( ln ( V So*n./V S oJ.)yC 

where: 

v Soin. is the viscosity of the solution in any units; 

45 Vsa is the viscosity of the solvent in the same units; and 

C is the concentration in grams of polymer per 100 mis of solution. 

[0068] The blown container body should be substantially transparent. One measure of transparency is the percent 
haze for transmitted light through the wall (H^) which is given by the following formula: 
so 

H T = [Y d -(Y d +Y s )]x100 

where Y d is the diffuse light transmitted by the specimen, and Y s is the specular light transmitted by the specimen. 
55 The diffuse and specular light transmission values are measured in accordance with ASTM Method D 1003, using any 
standard color difference meter such as model D25D3P manufactured by Hunteriab, Inc. The container body should 
have a percent haze (through the panel wall) of less than about 10%, and more preferably less than about 5%. 

[0069] The preform body-forming portion should also be substantially amorphous and transparent, having a percent 
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mntnfTrf the f 11 of no more than a ^ut 10%, and more preferably no more than about 5% 

he neck Sish to heba^' rZ & CryS,a " ini,y at various P° sitions a 'ong the height of the bottle from 

ISh 10 ,he base - The percent crystallrmty may be determined according to ASTM 1505 as follows: 

% crystallinity = [(ds - da)/(dc - da)] X 100 

where ds = sample density in g/cm 3 , da = density of an amorphous film of zero percent crystallinity and dc = densitv 
**«* *<**>« from unit oo. pnmmot.m. 1*. pan., portion ^**2 2 ,12 2 

r00711 Furthpr inrr«^ y ^ 3 15 ' 25% crystal,init y ran 9 e is “$©^1 in refill and hot-fill applications. 

T !!,!r Ciystallln,ty 030 50 ach 'eved by heat setting to provide a combination of strain-induced 

Mro^To ^^r ?f° n ‘ ThemaWndUCed CfyStallinity is achieved at low temperatures to preserve trans- 

cw2»,« ute s r»7tSx«“?^ir p,ra, ' ,re “ ow in soms app,eati "' s - a m m a 

mS. ^ ! S rih0r altemativa embodiment, the preform may include one or more layers of an oxygen scavenoino 
bv °Th *f aven 9'"9 materials are described in U.S. Serial No. 08/355,703 filed Dumber 14 1994 

inr^Stln h ' ! nWl8d .°i cy9 ® n Scavenging Composition For Multilayer Preform And Container," which is hereby 
incorporated by reference in its entirety. As disclosed therein, the oxygen scavenger may be a 

able ^nic potymer such as a polyamide, or an antiroxidant such as phosphite or phencSc 

£522 ^ thenno plastic polymers to provide the desired injection molding and stretch blow moldinq char- 

injeCfi ° n m0,ded prefoms and ^hstantially transparent biaxially ori- 
emea polyester containers. The oxygen scavenger may be provided as an interior layer to retard mioratton of tho 

SS T:,T° r * byProdUCtS ’ and 10 P remature Nation of the scavenger. 3 

S: °° nta,nerS mUSt fUlfi " SeVera ' tey P 0 * 0 "" 3 " 4 * criteria in order to achieve commercial viability, irv 

1. high clarity (transparency) to permit visual on-line inspection; 

2. dimensional stability over the life of the container and 

3. resistance to caustic wash induced stress cracking and leakage. 

nrofo«t£ oo efil !f le Pl ? StiC b0tHe mUSt maintain functional a™* aesthetic characterisbcs over a minimum of 10 and 

wS S? Z °: ,00PS *° b6 econom ically feasible. A cyde is generally comprised of (1) an IptyZ cauS 
Hi^«h !« C ® n ^m | | ,ant ins P«ction (before and/or after wash) and product filling/capping, (3) warehouse storage (4) 

EJL f0r f Si r la,in k 9 SU f 3 cyde would ba as fol,ows - As used in this specification and daims, the 

H°° 7 ? k EaCh “ ntainer is subjected to a ‘ypioal commercial causbc wash solution prepared with 3 5% sodium hv 
Sto<T a m C W h 9 an !! tap Wat6r - 17,9 wash soluUon is maintained at a designated wash temperature, e g li0°C The 
bo^h^lr^ m the WaSh for 1 5 minutes t0 simulate the tima/temperature conditions of a commercial 
toWe wash system. After removal from the wash solution, the bottles are rinsed in tap water and then filled with a 

£ 4 0 * °' 2 ^P* 10 "* <*> simulate the pressure in a carbonated soft d“^r) 
is bitobteH r ^ ***! r f 38 c conv0cHon oven at 50% relative humidity for 24 hours. This elevated oven temperature 

to r^ne^T ° TT c ° mmerc,al periods at lower ambient temperatures. Upon removal from the oven 

f empbed and again subjected to the same refill cycle, until failure. 

lis Volume San^i e S d “ a J^ ack propa9ati ^ throu 9 h 44,0 boWe wall which results in leakage and pressure 

£2 an A H re -f ble COnta i ner ?" preferab,y withs,and at least 20 refil1 cycles at a wash temperature of 60°C without 
failure, and with no more than 1 .5% volume change after 20 cycles. 

[0078] In this invention, a higher level of crystallization can be achieved in the neck finish compared to prior art 

bboTw W A ICh wK ta "' Ze ° UtS ' de <he m ° ld ' ThUS ’ th ® preform neck finish may have a level of crystallinity ofat least 
ab0a * ,?°t f 0 f Jrther 0Xample - a neck finish made of a PET homopolymer can be molded withTnavelepeln! 

oorttol aS h ? ' ea ° Ut 35% ' and more P r0 ferably at least about 40% To facilitate bonding betweeb the neck 
portion and body-forming portion of the preform, one may use a thread split cavity, wherein the thread section of the 
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mold is at a temperature above 60°C, and preferably above 75°C. 

[0079] As an additional benefit, a colored neck finish can be produced, while maintaining a transparent container 
body. 

[0080] The neck portion can be monolayer or multilayer and made of various polymers other than CPET, such as 
5 arylate polymers, polyethylene naphthalate (PEN), polycarbonates, polypropylene, polyimides, polysulfones, acrylo- 
nitrile styrene, etc. As a further alternative, the neck portion can be made of a regular bottle-grade homopolymer or 
low copolymer PET (i.e., having a low crystallization rate), but the temperature or other conditions of the first molding 
station can be adjusted to crystallize the neck portion. 

[0081] Other benefits include the achievement of higher hot-fill temperatures (i.e., above 85°C) because of the in- 
to creased thermal resistance of the finish, and higher refill wash temperatures (i.e. , above 60°C). The Increased thermal 

resistance is also particularly useful In pasteurizable containers. 

[0082] Figs. 1 3A-1 3B illustrate graphically the change in melt temperature and orientation temperature for PET/PEN 
compositions, as the weight percent of PEN increases from 0 to 100. There are three classes of PET/PEN copolymers 
or blends: (a) a hlgh-PEN concentration having on the order of 80-100% PEN and 0-20% PET by total weight of the 
16 copolymer or blend, which is a strain- hardenable (orlentable) and crystallizable material; (b) a mid-PEN concentration 

having on the order of 20-80% PEN and 80-20% PET, which is an amorphous non-crystalllzable material that will not 
undergo strain hardening; and (c) a low-PEN concentration having on the order of 1-20% PEN and 80-99% PET, which 
Is a crystallizable and strain-hardenable material. A particular PEN/PET polymer or blend can be selected from Figs. 
13A-13B based on the particular application. 

20 [0083] Fig. 14illustratesaparticularembodlmentofacombinedlnfrared(IR)andradfofrequency(RF)heatingsystem 

for reheating previously molded and cooled preforms (i.e., for use in a two-stage reheat Injection mold and stretch blow 
process). This system is intended for reheating preforms having layers with substantially different orientation temper- 
atures. For example, in the fourth preform embodiment the high-PEN Inner layer 120 has an orientation temperature 
much higher than the virgin PET low copolymer and PC-PET outer layers 123-125. PEN homopolymer has a minimum 
25 orientation temperature on the order of 260 <> F (1 27°C), based on a glass transition temperature on the order of 255°F 

(123°C). PEN homopolymer has a preferred orientation range of about 270-295°F (132-146°C). In contrast, PET 
homopolymer has a glass transition temperature on the order of 175°F (80°C). At the minimum orientation temperature 
of PEN homopolymer, PET homopolymer would begin to crystallize and would no longer undergo strain hardening 
(orientation), and the resulting container would be opaque and have insufficient strength. 

30 [0084] Returning to Fig. 14. this combined reheating apparatus may be used with preforms having a substantial 

disparity In orientation temperatures between layers. The preforms 130 are held at the upper neck finish by a collet 
107 and travel along an endless chain 115 through stations A, B and C in serial order. Station A is a radiant heating 
oven in which the preforms are rotated while passing by a series of quartz heaters. The heating of each preform is 
primarily from the exterior surface and heat is transmitted across the wall to the inner layer. The resulting heat or 
35 temperature profile Is higher at the exterior surface of the preform than at the interior surface. The time and temperature 

may be adjusted in an attempt to equilibriate the temperature across the wall. 

[0085] In this embodiment it is desired to heat the inner PEN layer at a higher temperature because of PEN'S higher 
orientation temperature. Thus, the preforms (across the wall) are brought up to an Initial temperature of about 160°F 
(71°C) at station A, and are then transferred to station B which utilizes microwave or radio frequency heaters. These 
40 hlghfrequency dielectric heaters provide a reverse temperature profile from that of the quartz heaters, with the interior 
surface of the preform being heated to a higher temperature than that of the exterior surface. Fig. 1 4 shows the preforms 
130 traveling between electrode plates 108 and 109, which are connected to RF generator 110 and ground respectively. 
At station B, the inner layer is brought up to a temperature of about 295° F (1 46°C), and the outer layer to a temperature 
of about 200° F (93°C). Finally, the preforms are passed to station C, which is similar to station A. At station C the 
45 quartz heaters bring the preforms to a temperature of about 280°F (138°C) at the inner layer and about 210°F (99°C) 
at the outer layer. The reheated preforms are then sent to a blow mold for stretch blow molding. A more detailed 
description of hybrid reheating of polyester preforms including a combination of quartz oven reheating and radio fre- 
quencyreheating is described in U.S. Patent 4,731,513 to Collette entitled "Method Of Reheating Preforms For Forming 
Blow Molded Hot Fillable Containers," which issued March 15, 1988, and is hereby Incorporated by reference. In ad- 
50 dition, additives may be provided in either or both of the PET and PEN layers to make them more receptive to radio 
frequency heating. 

[0086] In a preferred thin sleeve/thick outer layer embodiment, the thin inner layer sleeve may have a thickness on 
the order of 0.02 to 0.06 inch (0.5 to 1.5mm), while the thick outer layer has a wall thickness on the order of 0.10 to 
0.25 inch (2.50 to 6.35mm). The inner layer may comprise on the order of 10-20% by total weight of the preform. This 
55 represents an improvement over the prior art single injection cavity process for making multilayer preforms. Also, the 
weight of one or more outer layers (such as a layer of PC-PET) can be maximized. 

[0087] While there have been shown and described several embodiments of the present invention, it will be obvious 
to those skilled in the art that various changes and modifications may be made therein without departing from the scope 
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of the invention as defined by the appending claims. 
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Claims 

'" d lm| ”* 9 *> * """■)» injection-molded 

firefly molding an inner sleeve layer (20) between a first mold cavity (11) and core (9) the first mold cavitv 

a " °f r surface 0f the inner sleeve a * » elevated teinpe“ * 

transferring the core (9) and sleeve layer (20) to a second mold cavity (12) and secondly moldinq an outer 

teldn^lhirk f th8 T layer " hUe the 0uter surface is 31 the e'evated temperature, the outeMayer (22) 
^[ ckness greater than ^e thickness of the inner sleeve layer (20), where the elevated temDerature 

™“S e C rovide ^ 

1 ’■ W, " rein *• ™“ aJtasta ’ *«• (20) and outer layer (22) Indndaa 

* '' ** *“ ■ (“I and cate By* (22) .ndnddd 

1 ^ «“• “)•"»'*« - •» 

7 ' 

8. The method of claim 1, wherein the outer layer (260, 350) comprises multiple outer layers. 

8. The method of claim 1, wherein the article is a preform (30, 330, 130, 160, 180). 

10. The method of claim 9, wherein the first molding step forms a neck finish portion (250, 340, 190) of the preform. 

step 3 ™ 10 ' Wherei " th9 n8Ck finiSh P0rti0n iS molded frDm a P°*y mer which crystallizes during the 

12 ' 10 : Wha ~ in th8 neckfinish P°rton is molded from a first polymer material having a higher 

glass transition temperature than a second polymer material which forms the outer layer. 9 9 

13 ' ^art^e 0 ^™ Wherei " 916 SleeVe h3S 3 Wei9ht in 3 ran9e °" the a ^er of 10 to 20 percent of a total weight 
14 ‘ aoeSr ° f daim 1 ’ Wherei " the SleeVe h3S 3 Wa " ‘ hiCkness in a ran9e on the order of 0 5 10 1 - 5mm (0 02 to 

15 ' JKoTStlSr 14 ’ Where ' n the ° Uter l3yer h3S 3 Wa " thiCkn6SS in 3 ran9e ° n the ° rder of 250 10 6 - 35mm 

16 ‘ I h p e JS h . 0d ° f da i i ^ 1 ' Whefein the inner sleeve is formed of a flrst material having a first melt temperature and 

m!it tpmn T ' nC aSeC ° nd layer adjacent the inner sleeve and mad ® of a second material having a second 
melt temperature lower than the first melt temperature. 
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17. The method of claim 1, wherein the first mold cavity (11) is at a first cavity temperature and the second mold cavity 
(12) is at a second cavity temperature lower than the first cavity temperature. 

18. The method of claim 17, wherein the core (9) is at a core temperature which is less than the first cavity temperature. 

19. The method of claim 1, wherein the inner sleeve is formed of a first material having a first T_, and the elevated 
temperature is in a range on the order of 5-20°C below the first T g . 

20. The method of claim 1 , wherein the sleeve is molded from a first material selected from the group consisting of 
homopolymers, copolymers, and blends of polyethylene naphthalate (PEN). 

21. The method of any one of claims 1 and 20, wherein the outer layer Includes at least one layer molded from a 
second material selected from the group consisting of polyethylene terephthalate (PET), an oxygen scavenging 
material, recycled PET, polyethylene, polypropylene, polyacrylate, polycarbonate, polyacrylonitrile, nylon, and co- 
polymers and blends thereof. 

22. The method of claim 1, wherein the article has a sidewall portion in which the inner sleeve has a first thickness 
(t,) and the outer layer has a second thickness (tj), and the ratio oft^t, is greater than on the order of 4:1. 

23. The method of claim 1, wherein the article has a first thickness (t 1 ) and the outer layer has a : second thickness 
(tj), and the ratio of yt. Is on the order of from 1 .2:1 to 8:1 . 

24. The method of claim 1, wherein the inner sleeve (340) is substantially crystallized and the outer layer (350) is 
substantially amorphous. 

25. The method of dalm 1 , wherein the inner sleeve is made of a first material and the outer layer is made of a second 
material, and the second material has a lower crystallization rate compared to the first material. 

26. The method of claim 1, wherein first and second cores (9, 10) are provided, and wherein during a first cycle the 
first core (9) is positioned in the first mold cavity (11) to form a first inner sleeve, and the second core (10), having 
a second inner sleeve positioned thereon, is simultaneously positioned in the second mold cavity (12) for molding 
a second outer layer on the second inner sleeve. 

27. The method of dalm 26, wherein the first molding step includes an initial no-action period while the second molding 
step proceeds in order to facilitate the transfer while the outer surface of the sleeve layer Is at the elevated tem- 
perature. 

28. The method of claim 1, wherein the sleeve is molded of a first material selected from the group consisting of 
polyester, polyester with nucleating agents, acrylate, polyethylene naphthalate (PEN), polycarbonate, polypropyl- 
ene, polyamide, polysulfone, acrylonitrile styrene, and copolymers and blends thereof. 

29. The method of claim 28, wherein the outer layer includes a second material selected from the group consisting of 
homopolymers, copolymers, and blends of any one or more of: polyethylene terephthalate (PET), polyethylene 
naphthalate (PEN), and recycled PET. 

30. The method of claim 1, wherein the article (330) has a body portion (350) and the method further comprises 
expanding the body portion of the article to form an expanded article (370) having a substantially transparent and 
biaxialfy-oriented body portion (380). 

31 . The method of claim 1 , wherein the method further comprises cooling the article (330) below a first glass transition 
temperature of a first material in the article, reheating the article above the first glass transition temperature, and 
expanding the reheated article to form an expanded article (370). 

32. The method of claim 31, wherein the expanded article (370) has a high T g or crystallized upper neck finish portion 
(340) and a substantially transparent, biaxially-oriented body portion (380). 



33. An apparatus for making multi-layer injection-molded plastic articles comprising: 




EP 0 837 763 B1 



10 



r CaVity S6t (12) ' e3Ch firSt ravity bein 9 ada P' ed to form an inner 

;.r,'zr r ss sr«r ” ,s <9, 101 to ™ s,v8iy p “* ion,n3 me w - 

wherein foe first core set (9) is positional in the first cavity set (11) for molding a set of inner sleeve layers 

1 2 ° ° he fifS ?° r ® S .® ’ 'T h,le the second core set 0 1 °) >s positionable in the second cavity set (12) for molding 
over a prevtously-molded set of inner sleeve layers on the second core set, a second set of outer layers (22* 

rZl r H h f atin9 ( 1 5) ^ firSt raVity Set 80 as *° maintain a| t outer surface of the inner sleeve layer (20) at 

toino « !Sr hT ! 9 tranSf8rand molding of the outerlayer (22) thereover, the elevated temperature 

being selected to provide melt adhesion between the inner sleeve and outer layer. 

of 4:1 ' roo ° W * *' ,u wnerem a rauo ot t 2 ^ js greater than on the order 

35. The apparatus of claim 33, wherein the transfer mechanism is a rotatable turret (2). 

36. The apparatus of claim 33, wherein the transfer mechanism is a reciprocating shuttle (206). 

38. The method of claim 1 comprising: 

«"T ,din9 3 flrSt thermo P ,astic mat ®rial to form a first preform portion (340) including the inner sleeve 
layer (20) having an average percent crystallinity of at least about 30% • and 

ssssl'zs — -i - »— ** 

18 • — *— "•» - — — — - 

40. The method of claim 38, wherein the second material has a lower crystallization rate compared to the first material. 

41 . The method of claim 40, wherein the first material is selected from the group consisting of polyester Dolvester with 

T, T*™*’ P ° lyethy,ene naphtha,ate W POlJcartronate 9 ^^^^ 

pofysulfone, acrylonitnle styrene, and copolymers and blends thereof. ™ 

42 ‘ 2^e?andtfin rf r , f Wher0in *" S8 °° nd material i$ selected «»" group consisting of homopolymers. 
andSdilPET °"e °""ore of: polyethylene terephthalate (PET), polyethylene naphthalate(PEN), 
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44. The method of claim 1 , comprising: 

first molding the inner sleeve (20) on a core (9) positioned in the first mold cavity (11), the first moldina steo 

ZS ? Mg : M .‘ PmS “ n t ”° a SB *> 6ut «• holding and’Zl “CSX 

mamBin the ool.r Mace of Hie Inner sleeve el an elevated temperature tor a second reading step- 

S'SJoS’ « 201 °" ** ”” Wl M M *" lns "" Same 3ubs,sntial delay to the second 
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45. The method of claim 1 . wherein the Inner sleeve is made of a PEN polymer material and the elevated temperature 
is in range on the order of 60-1 20°C. 

5 46 ’ The m0thod of daim 45 - herein the first molding step has a cycle time on the order of no greater than 8 seconds. 

47. The method of claim 45, wherein the cycle time is in a range on the order of 4-8 seconds. 

48. The method of claim 45, wherein the first cavity temperature is in a range on the order of 40-1 20°C and the core 
temperature is in a range on the order of 5-80°C. 

10 

49. The method of daim 48, wherein the first cavity temperature is in a range on the order of 75-95 °C and the core 
temperature is in a range on the order of 60-70°C. 

50. The method of daim 48, wherein the first cavity temperature is in a range on the order of 1 00-1 1 0°C and the core 

15 temperature is in a range on the order of 5-15°C. 

51 ‘ ™ 8th0d ° f dalm 481 whereln the PEN Pdymer material has a melt temperature In a range on the order of 
275-295 °C and the elevated temperature is in a range on the order of 90-11 0°C. 

20 52. The method of daim 1, wherein the outer layer indudes a PET polymer material adjacent the inner sleeve, the 

PET polymer material having a melt temperature In a range on the order of 260-275°C and the second molding 
step being carried out at a cavity pressure In a range on the order of 55 x 10 8 - 103 x 10* N/m2 (8000-15,000 psl). 

53 ’ I* 1 !! method of dalm 1 * whereln 4,18 ,nner s)eev ® Is made of a pdyester polymer material which is crystallized 
during the first molding step and the elevated temperature Is in a range on the order of 80-1 40°C. 

54. The method of daim 53, wherein the first mdding step has a cyde time on the order of no greater than 8 seconds. 

55. The method of dalm 54, wherein the cyde time is in a range on the order of 5-8 seconds 

30 

56. The method of claim 53, wherein the first cavity temperature is in a range on the order of 80-1 50°C and the core 
temperature is in a range on the order of 5-60°C. 

57. The method of claim 56, wherein the first cavity temperature is In a range on the order of 110-120°C and the core 

35 temperature is in a range on the order of 5-1 5°C. 

58. The method of claim 53, wherein the polyester polymer material has a melt temperature in a range on the order 
of 280-290°C and the elevated temperature is in a range on the order of 115-125°C. 

40 5d - 1110 method °f dalm 53, wherein the outer layer includes a PET polymer material adjacent the inner sleeve, the 

PET polymer material having a melt temperature in a range on the order of 270-285°C and the second molding 
step being carded out at a cavity pressure in a range on the order of 55 x 1 0 6 - 1 03 x 1 0 6 N/m 2 (8000-1 5,000 psi). 

60. The method of claim 44, wherein: 

45 

the inner sleeve is made of a PEN polymer material; 

during the second molding step the outer surface of the sleeve is at an elevated temperature in a range on 
the order of 1 00-11 0°C and the outer layer Includes a first outer layer of a PET polymer material adjacent the 
inner sleeve, and wherein the PET polymer material has a melt temperature in a range on the order of 
260-275°C and the second molding step is carded out at a cavity pressure in a range on the order of 55 x 10 6 
- 103 x 10 6 N/m 2 (8000-15,000 psi) to achieve melt adhesion between the inner sleeve and the outer layer 
during the second molding step. 

61. The method of claim 44, wherein: 

55 

an inner sleeve is made of a PEN polymer material mold; 

during the second molding step the outer surface of the sleeve is at an elevated temperature in a range on 
the order of 90-100°C and the outer layer includes a first outer layer of a PET polymer material adjacent the 
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260 2 ??r irtJp H M T ymer material has a melt tem P 0rature in a rang® the order of 
2 « 0 In« 9 ep 8 Carried out at a cav ^ Pressure in the range on the order of 55 x 

10 - 103 x 10 N An (8000-1 5,000 psi) to achieve melt adhesion between the inner sleeve and the outer layer 
during the second molding step. y 

62. The method of claim 44, wherein: 
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step n and SleeVe ' S mad6 ° f 3 P ° lyeSter polymer material which is crystallized on the core during the first molding 

during the second molding step the outer surface of the sleeve is at an elevated temperature in a range on 
the order of HS-lffi C, and the outer layer includes a first outer layer of a PET polymer adjacent the ilnner 
sleeve and wherein ttie PET polymer material has a melt temperature in a range on the order of 270-285°C 
T™ 9 St6p 18 Camed out at a Pressure in the range on the order of 55 x 106 - 103 x 
s^^ddimltep 00 PS ' 10 aChl8Ve melt adheS ' 0n between the inner sleeve and the outer layer during the 

‘"SIT “■ ■ !te " 0 1 ^ h a ” - <»— 

* ' •*">>•» — I- . -I «*n~ in a «, ». 

as. ar 

The method of claim 44, wherein the first molding step has a cycle time on the order of no greater than 8 seconds. 
The method of claim 44, wherein the cycle time is in a range on the order of 4-8 seconds. 

. The method of claim 44, wherein the first cavity temperature is in a range on the order of 40-1 20°C and the core 

temperature is in a range on the order of 5-80°C. 

The method of claim 69, wherein the first cavity temperature is in a range on the order of 75-95 °C and the core 
temperature is in a range on the order of 60-70°C. 

The mettrod of claim 69, wherein the first cavity temperature is in a range on the order of 100- 1 10°C and the core 
temperature is in a range on the order of 5-1 5°C. 

* he PEN P ° lymer materia ' has a melt temperature in a range on the orter of 
C and the elevated temperature is in a range on the order of 90-11 0°C. 

The method of claim 66, wherein the outer layer includes a PET polymer material adjacent the inner sleeve, the 
PET polymer matenal having a melt temperature in a range on the order of 260-275 °C and the second moldinq 
step being earned out at a cavity pressure in a range on the order of 55 x 10 6 - 103 x 10 6 N/m* (8000-15,000 psi). 

The method of claim 44, wherein the inner sleeve is made of a polyester polymer material which is crystallized 
unng the first molding step and the elevated temperature is in a range on the order of 80-1 40° C. 

The method of claim 74, wherein the first molding step has a cycle time on the order of no greater than 8 seconds. 

The method of claim 74, wherein the cycle time is in a range on the order of 5-8 seconds. 

The method of claim 74, wherein the first cavity temperature is in a range on the order of 80-1 50°C and the core 
temperature is in a range on the order of 5-60°C. 
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78. The method of claim 77, wherein the first cavity temperature is in a range on the order of 110-120°C and the core 
temperature is in a range on the order of 5-1 5°C. 

79. The method of claim 74, wherein the polyester polymer material has a melt temperature in a range on the order 
of 280-290°C and the elevated temperature is in a range on the order of 115-125°C. 

80. The method of claim 74, wherein the outer layer includes a PET polymer material adjacent the inner sleeve, the 
PET polymer material having a melt temperature In a range on the order of 270-285°C and the second molding 
step being canted out at a cavity pressure in a range on the order of 55 x 10 6 - 103 x 10 6 N/m 2 (8000-15,000 psi). 



PatentansprOche 

1 . Verfahren zum Reduzieren der Innenschichtdicke und zum Verbessem der Schichthaftung In einem vielschlchtigeh 

is spritzgeformten Kunststoffartikel, 

wobei das Verfahren umfaBt: 

erstens Formen einer InnenhOlsenschlcht (20) zwischen einem ersten Formhohlraum (11) und einem Kern 
(9), wobei der erste Formhohlraum erhitzt wird, damit eine AuBenffache der InnenhOlsenschlcht auf einer 

20 angehobenen Temperatur gehalten wlrd; 

Obergeben des Kernes (9) und der HOIsenschlcht (20) an einen zweiten Fonnhohlraum (12) und zweitens 
Formen einer AuBenschicht (22) Ober der HOIsenschlcht, wShrend die AuBenfldche die angehobene Tempe- 
ratur hat, wobei die AuBenschicht (22) eine Dicke hat, die grOBer 1st als die Dikke der InnenhOlsenschlcht (20), 
wobei die angehobene Temperatur so ausgewahlt 1st daB eine Schmelzhaftung zwischen der InnenhOlse (20) 

25 unc t der AuBenschicht (22) wShrend des zweiten Formungsschrittes emeicht wird. 

2. Verfahren nach Anspruch 1 , wobei die Schmelzhaftung zwischen der InnenhOlse (20) und der AuBenschicht (22) 
eine Diffusions-Kontaktherstellung beinhaltet 

30 3. Verfahren nach Anspruch 1 , wobei die Schmelzhaftung zwischen der InnenhOlse (20) und der AuBenschicht (22) 

eine KettenverknOpfung umfaBt. 

4. Verfahren nach Anspruch 1 , wobei die HOise einen oberen HOIsenabschnitt (250, 340, 190) des Artikels bildet und 
die AuBenschicht einen unteren KOrperabschnitt (260, 350, 1 80) des Artikels. 

35 

5. Verfahren nach Anspruch 4, wobei ein unteres Ende des oberen HQIsenabschnittes und ein oberes Ende des 
unteren KOrperabschnfttes in einem Zwlschenabschnitt des Artikels mitelnander verbunden sind. 

6. Verfahren nach Anspruch 1, wobei der erste Formungsschritt die InnenhOlse (120, 170) als eine Innenschicht (121, 
1 71 )mltvoller Lange und obere Oberffache (122, 172) des Artikels formt 

7. Verfahren nach Anspruch 1, wobei der erste Formungsschritt die InnenhOlse (250) als einen oberen Langenab- 
schnitt des Artikels und eine obere Oberflache des Artikels formt 

45 8. Verfahren nach Anspruch 1 , wobei die AuBenschicht (260, 350) mehrere Aufienschichten umfaBt. 

9. Verfahren nach Anspruch 1 , wobei der Artikel ein Vorformling (30, 330, 1 30, 1 60, 1 80) 1st 

^ 10 . Verfahren nach Anspruch 9, wobei dererste Formungsschritt einen Halsabschnitt (250, 340, 190)desVorformlings 

11. Verfahren nach Anspruch 10, wobei der Halsabschnitt aus einem Polymer geformt ist, das wahrend des ersten 
Formungsschrittes kristallisiert. 

55 12. Verfahren nach Anspruch 10, wobei der Halsabschnitt aus einem ersten Polymermaterial geformt wird, das einen 

hfiheren Einfrierpunkt hat als ein zweites Polymermaterial, das die AuBenschicht formt. 

13. Verfahren nach Anspruch 1, wobei die HOise ein Gewicht in einem Bereich in der GrdBenordnung von 10-20% 
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des Gesamtgewichtes des Artikels hat. 

,4 ' 

r 2 h «Ti7o s n”^iT« s “ enschia " ei ~ mMa * h 9in “ ■— *■ - g «*^ 
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16 ‘ dfe ,nnenh0lse aus einem ersten Material mit einerersten Schmelztemperatur 

So™ 2 h d d eine zwe,te Schicht neben der InnenhQIse umfaGt und aus einem zweiten Material 

geformt ist, das eine zweite Schmelztemperatur hat, die niedriger ist als die erste Schmelztemperatur. 

1? ‘ Pnl^hT? naCh ,^ PmCh 1 ’ W ° bei dererste Formhohlraum (11) eine erste Hohlraumtemperaturhat und derzweite 
Formhohlraum (12) eine zweite Hohlraumtemperatur, die niedriger ist als die erste Hohlraumtemperatur. 

18 ' teCrar 30 "' AnSPfUCh1 ^ W ° bei ' dWl <eml (9)l 81,181 ******** ^at. die niedriger ist alsdieerate Hohlraum- 

19 ' ^ SPrU l 1,WObei di8 ,nnenhQlse aus ei " e " eraten Material mit einem ersten T g geformt wird 

und die erhOhte Temperatur in einem Bereich in der GrtBenordnung von 5-20“C unterhalb des ei4>n T 9 liegL 

20 ‘ wS^ n riL a »n^ Pri '^’ W ° bel ? H0,Se 3US ein6m erSten Material gefomrt wird, das aus der Gruppe ausge- 
wShlt ist, die aus Homopolymeren, Copolymeren und Mischungen von Polyethylennaphthalat (PEN) besteht 

21. Verfahren nach einem der AnsprOche 1 - 20, wobei die AuOenschicht mindestens eine Schicht umfaBt die aus 
TESSZrr ri e | formt , WUrd0 ’ d3S 3US derGm PP e ausgewShlt wurde, die Polyethylenterephthalat (PET) 

25? Tn* ' r 6 6 ^ 6 * 63 PET ’ Foiyethyien, Polypropylen, Polyacrylat, Pdycarbonat Poly- 
acrytomtnl, Nylon und Copolymere und Mischungen davon umfaBt y 

22 erete Dk!ke rn h^un^Y^ ^ Seitenwandabscb "W autweist, in dem die InnenhQIse eine 

AuBenschicht erne zweite Dicke ft) und wobei das Verhdltnis k : t, grdBer ist als in 

23. Verfahren nach Anspruch 1, wobei der Artikel eine erste Dicke (t,) hat und die AuBenschicht eine zweite Dicke 
(y und wobei das Verhaitnis : t t in der GrOBenordnung von 1,2 : 1 bis 8 : 1 ist. 

tm * ” e88n,lene " a * **»■•*« 

25 ‘ rnnem Tp» aCh M A ? SPr y Ch J ' T*!! dfe lnn8nh0,se aus einem ersten Material besteht und die AuBenschicht aus 
einem zweiten Matenal und wobei das zweite Material eine niedrigere Kristailisationsrate als das erste Material hat 

26 ' ei^^vl^^dM^^^Kfii^m' 8 ^ r d r 61 *! I ? me (9 ’ 10) bereitgaste,,t «■«*" und wobei wahrand eines 
errten Zytdus der erste Kern (9) im ersten Formhohlraum (11) angeordnet wird, um eine erste InnenhOlse zu 

b'lden, und der zweite Kem (10) mit einer zweiten darauf angeordneten InnenhOlse gleichzeitig im zweiten Form- 
hohlraum (12) angeordnet wird, um eine zweite AuBenschicht auf der zweiten InnenhOlse zu formen. 

27 ‘ SS! AnS h T h 26 ’ W< ? ei d6r 8rS ‘ e F r Un9SSChrm “ Be 9 inn eine Ruheperiode umfaGt. wahrand der 

re ^ um die Ubertra 9 un 9 zu ermOglichen, wahrand die AuBenfiache der HOI- 
senschicht eine angehobene Temperatur hat. 

28 22^2!. ° ^ napru f b ^ ’ wobei die H 0 ,se aus einem ersten Material geformt ist, das aus der Gruppe ausgewahlt 

oln Polm H e p . r ’ P ? y6S er T Keimbildnem - Acf y a *- Polyethylennaphthalat (PEN), Polycarbonat, Polypro- 
pylen, Polyamid, Polysulfon, Acrylomtnlstyren und Copolymeren und Mischungen davon besteht. 

29 ’ to' 'SIT "!f AnSbrUCh 28> wobei die AuBenschicht ein zweites Material umfaBt, das aus der Gruppe ausgewShlt 
Jphi Pni 2 h TT° lyn J* a "’ Copolymeren und Mischungen aus einem Oder mehreren der folgenden Staffs be- 
steht. Polyethylenterephthalat (PET), Polyethylennaphthalat (PEN) und wiederverwertetes PET. 
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30. Verfahren nach Anspruch 1 , wobei der Artikel (330) einen KOrperabschnitt (350) hat und das Verfahren weiterhln 
ein Ausdehnen des Kdrperabschnittes des Artikels umfaBt, um einen ausgedehnten Artikel (270) mit einem im 
wesentlichen transparenten und biaxial orientierten Karperabschnitt (380) zu formen. 

5 31 • Verfahren nach Anspruch 1 , wobei das Verfahren weiterhin ein AbkOhlen des Artikels (330) unterhalb eines ersten 

Einfrierpunktes eines ersten Materials im Artikel umfaBt, ein Wiedererhitzen des Artikels Ober den ersten Einfrier- 
punkt und ein Ausdehnen des erhitzten Artikels, um einen ausgedehnten Artikel (270) zu formen. 

32. Verfahren nach Anspruch 31 , wobei der ausgedehnte Artikel (370) ein hohes T g oder einen kristallisierten oberen 
10 Halsabschnitt (340) und einen im wesentlichen transparenten, biaxial orientierten KOrperabschnitt (380) hat 

33. Vorrichtung zum Herstellen eines vielschichtigen spritzgeformten Kunststoffartikels, umfassend: 

einen ersten Formhohlraum-Satz (11) und einen zweiten Formhohlraum-Satz (12), wobei dererste Formhohl- 
15 raum angepaBt 1st, um eine InnenhOlsenschicht (20) zu formen, und der zweite Formhohlraum angepaBt ist, 

um eine AuBenschicht (22) zu formen, wobei die AuBenschicht (22) eine Dicke hat, die grOBer ist als die Dlcke 
der InnenhOlsenschicht (20); 

einen Obergabemechanismus (2) mit ersten und zweiten Kem-Sfltzen (9, 1 0) zum aufeinanderfblgenden An- 
ordnen der ersten und zweiten Kem-Satze in den ersten und zweiten Hohlraum-Satzen; 

20 wobei der erste Kem-Satz (9) im ersten Hohlraum-Satz (11 ) zum Formen eines Satzes von InnenhQIsenschich- 

ten (20) auf dem ersten Kem-Satz angeordnet werden kann, wahrend der zweite Kem-Satz (10) im zweiten 
Hohlraum-Satz (1 2) zum Formen eines zweiten Satzes von AuBenschlchten (22) Ober einen vorher gefbrmten 
Satz von InnenhOlsenschichten auf dem zweiten Kem-Satz angeordnet werden kann; und 
eine Efnrichtung zum Erhitzen des ersten Hohlraum-Satzes, um eine AuBenflache der InnenhOlsenschicht 
25 ( 20 ) airf e,ner angehobenen Temperatur wahrend der Obergabe und dem Formen der AuBenschicht (22) dar- 

Ober zu halten, wobei die angehobene Temperatur so gewahlt 1st, um Schmelzhaftung zwischen der Innen- 
schicht und der AuBenschicht zu erzielen. 

34. Vorrichtung nach Anspruch 33, wobei der erste Formhohlraum (11) und Kern (9) eine erste Wanddicke (t,) und 

30 der zweite Hohltaum (12) und Kem (10) eine zweite Wanddicke (tj) definieren und wobei ein Verhaitnis von ^ : t, 

grOBer ist als in der GrOBenotdnung von 4 : 1: 

35. Vorrichtung nach Anspruch 33, wobei der Obergabemechanismus ein drehbarer Revolver (2) ist 

35 36. Vorrichtung nach Anspruch 33, wobei der Obergabemechanismus ein slch hln- und herbewegender Wagen (206) 

ist. 

37. Vorrichtung nach Anspruch 33, umfassend eine Einrichtung, mit der das Formen der AuBenschlchten im zweiten 
Hohlraum-Satz in Gang gesetzt wird, wahrend im ersten Hohlraum-Satz eine Ruheperiode aufrechterhalten wltd, 

40 um die Obergabe zu ermOglichen, wahrend die AuBenfiache der HOIsenschicht die angehobene Temperatur hat 

38. Verfahren nach Anspruch 1, umfassend: 

Spritzformen eines ersten thermoplastischen Materials, um einen ersten Vorformlingsabschnitt (340) mit einer 
45 InnenhOlsenschicht (20) zu formen, die eine durchschnittiiche prozentuale Kristallinftat von mlndestens unge- 

fOhr 30% hat; und 

Spritzformen eines zweiten thermoplastischen Materials, um einen zweiten Vorformlingsabschnitt (350) mit 
einer AuGenhQlse (22) zu formen, die im wesentlichen amorph bleibt. 

50 39. Verfahren nach Anspruch 38, wobei der erste Abschnitt im wesentlichen ein Halsabschnitt (340) ist und der zweite 

Abschnitt im wesentlichen ein kflrperbildender Abschnitt (350). 

40. Verfahren nach Anspruch 38, wobei das zweite Material eine niedrigere Kristalfisationsrate hat als das erste Ma- 
terial. 

55 

41 . Verfahren nach Anspruch 40, wobei das erste Material aus der Gruppe ausgewOhlt ist, die aus Polyester, Polyester 
mit Keimbildem, Acrylatpolymeren, Polyethylennaphthalat (PEN), Polycarbonat, Polypropylen, Polyamid, Polysul- 
fon, Acrylonitrilstyren und Copolymere und Mischungen davon besteht. 
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42 ' CoDolvmPKm'i! A ZTT 41 * W0b6i d3S ZW6ite Mat6rial auS der GnJ PP e aus 9 ew ahlt ist, die aus Homopolymeren, 
Copolymerenund Mischungen aus einem Oder mehreren der folgenden Stoffe besteht: Polyethylenterephthalat 
(PET), Polyethyiennaphthalat (PEN) und wiederverwertetes PET. 

43 ‘ !:: n h r; aC ( h AnSPrUC f h 41 T terhin UmfaSSend ein Ausdehnen des ™eiten Abschnittes (350), um einen im 
wesentlichen transparenten und biaxial orientierten Korper (380) eines Behaiters (340) zu former 

44. Verfahren nach Anspruch 1, umfassend: 

fe» e ^h«?r en der ' nnenh0lse f°) auf einem Kern (9), der in einem ersten Formhohlraum (11) angeordnet 
5 iThX£ 6ir " FOIIstadiumi und einl Druck-StoS-Stadium umfaBt. aberi im- wesentlichen 

einer angehobenen ^ ' nnenh ° ISe * ei " en ^ Fo ™ n9SSchri « a * 

<91 “ d 0bSmbm ““ ■*“ *•“**• v.^n.n 9 an <tan 

45 ' TT'? 11 W ? beidie lnnen h0lse aus einem PEN-Polymer-Material hergestellt ist und die ange- 

hobene Temperatur In einem Bereich In der GrOGenordnung von 60 - 120° C liegt 

™STa'Sii!ZlS 4S ' Wl *® 1 ^ Fonnungsadlrttl aim ZyMusdauef tn der GroOenordnung von nicht 

2 ‘ 4T - ^ Anspn,® 45. «cM a» ZyUmda™, in amem Bmict, In a « GnMennM™n g von 4-8 Se«und«, 

48 rretj/aa ar '’1° "** Wa '” In B.rtc* In to Ora^™,* 

40 120 Cliegt und die Kemtemperatur in einem Bereich in der GrtJBenordnung von 5- 80° C. 

49 ' TTc liS u^ S ^ erSte H ° h D lraUmtemperatUr in einem Bereich in der GrtJBenordnung von 

ft) 95 C liegt und die Kemtemperatur in einem Bereich in der Grtfienordnung von 60 - 70° C. 

50 ‘ di9 ®? t9 Hoh,raumte mperatur in einem Bereich in der GrOBenordnung von 

100 - 11 0 C liegt und die Kemtemperatur in einem Bereich in der GrOGenordnung von 5 - 1 5° c. 

51 ‘ ^ daS PEN - Po| y mer - Ma ‘erial eine Schmelztemperatur in einem Bereich in der 

von 90 IW C iS. 295 C h3t Und d ' e an9ehobene Tem Peratur in einem Bereich in der GrtJBenordnung 

40 

52 ' ^ diaA uRenschicht ein PET-Potymer-Material neben der InnenhOlse umfaBt, 

wobei das PET-Po^mer-Matenal eine Schmelztemperatur in einem Bereich in der GrtJBenordnung von 260 - 275° 

x 10?r iS? ! inem Hoh,raumdruck in einem Bereich in der GrtJBenordnung von 55 
x 10 bis 103 x 10® N/m 2 (8000- 15000 psi) ausgefQhrt wird. 

45 

53 ‘ 11 WOb ! id ' 9 ,nnenhQlse aus einem Polyester-Polymer-Materlal heigestellt wird, das 

me^fjireSu^en'hat 53 ’ '"** *" "** Formungsschrm eine Zy^dauer in der GrOBenordnung von nicht 
55. ^rfahren nach Anspruch 54, wobei die Zyklusdauer in einem Bereich in der GrOBenordnung von 5-8 Sekunden 



30 
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55 



56. Verfahren nach Anspruch 53, wobei die erste Hohlraumtemperatur in einem Bereich in der GrOBenordnung von 
8U - 150 C liegt und die Kemtemperatur in einem Bereich in der GrOBenordnung 5 - 60° C. 
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57. Verfahren nach Anspruch 56. wobei die erste Hohlraumtemperatur in einem Bereich in der GrfiBenordnung von 
110 - 120° C liegt und die Kemtemperatur in einem Bereich in der GrfiBenordnung 5 - 15“ C. 

58. Verfahren nach Anspruch 53, wobei das Polyester-Polymer-Material eine Schmelztemperatur in einem Bereich In 

J der GrfiBenordnung von 280 - 290“ C hat und die angehobene Temperatur in einem Bereich in der GrfiBenordnung 

von 115-125“ C liegt. 



59. Verfahren nach Anspruch 53, wobei die AuBenschicht ein PET-Polymer-Material neben der InnenhOlse umfaBt, 
wobei das PET-Polymer-Material eine Schmelztemperatur in einem Bereich in der GrfiBenordnung von 270 - 285“C 

10 hat und def zweite Formungsschritt bei einem Hohlraumdruck In einem Bereich in der GrfiBenordnung von 55 x 

1 06 bis 1 03 x 1 0® N/m 2 (8000- 1 5000 psi) ausgefOhrt wird. 

60. Verfahren nach Anspruch 44, wobei: 

1S die InnenhOlse aus einem PEN-Polymer-Material hergestellt wird; 

wahrend des zweiten Formungsschrfttes die AuBenflache der HOIse eine angehobene Temperatur In einem 
Bereich in der GrfiBenordnung von 100-110° C hat und die AuBenschicht eine erste AuBenschicht aus einem 
PET-Polymer-Material neben der InnenhOlse umfaBt, und wobei das PET-Polymer-Material eine Schmelztem- 
peratur in einem Bereich in der GrfiBenordnung von 260 - 275°C hat und der zweite Formungsschritt bei einem 
20 Hohlraumdruck in einem Bereich in der GrfiBenordnung von 55 x 10 8 bis 103 x 10 8 N/m 2 (8000- 15000 psi) 

ausgefOhrt wird, urn eine Schmelzhaftung zwischen der InnenhOlse und der AuBenschicht wahrend des zwei- 
ten Formungsschrittes zu erzielen. 

61. Verfahren nach Anspruch 44, wobei: 

25 

eine InnenhOlse aus einem PEN-Polymer-Material geformt ist; 

wahrend des zweiten Formungsschrittes die AuBenflache der HOIse eine angehobene Temperatur in einem 
Bereich in der GrfiBenordnung von 90-100° C hat und die AuBenschicht eine erste AuBenschicht aus einem 
PET-Polymer-Material neben der InnenhOlse umfaBt, und wobei das PET-Polymer-Material eine Schmelztem- 
30 peratur in einem Bereich in der GrfiBenordnung von 260 - 275°C hat und der zweite Formungsschritt bei einem 

Hohlraumdruck in einem Bereich in der GrfiBenordnung von 55 x 10 6 bis 103 x 10 6 N/m 2 (8000 - 15000 psi) 
ausgefOhrt wird, urn eine Schmelzhaftung zwischen der InnenhOlse und der AuBenschicht wahrend des zwei- 
ten Formungsschrittes zu erzielen. 

35 62. Verfahren nach Anspruch 44, wobei: 



die InnenhOlse aus einem Polyester-Polymer-Material hergestellt ist, das auf dem Kern wahrend des ersten 
Formungsschrittes kristallisiert 1st; und 

wahrend des zweiten Formungsschrittes die AuBenflache der HOIse eine angehobene Temperatur in einem 
40 Bereich In der GrfiBenordnung von 115-125“ C hat und die AuBenschicht eine erste AuBenschicht aus einem 

PET-Polymer-Material neben der InnenhOlse hat und wobei das PET-Polymer-Material eine Schmelztempe- 
ratur in einem Bereich In der GrfiBenordnung von 270 - 285°C hat und der zweite Formungsschritt bei einem 
Hohlraumdruck In einem Bereich in der GrfiBenordnung von 55 x 10 6 bis 103 x 10 6 N/m 2 (8000-15000 psi) 
ausgefOhrt wird, um eine Schmelzhaftung zwischen der InnenhOlse und der AuBenschicht wahrend des zwei- 
45 ten Formungsschrittes zu erzielen. 

63. Verfahren nach einem der AnsprOche 44, 60, 61 und 62, wobei die HOIse ein Gewicht in einem Bereich in der 
GrfiBenordnung von 10 - 20% des Gesamtgewichtes des Artikels hat. 

so 64. Verfahren nach einem der AnsprOche 44, 60. 61 und 62, wobei die HOIse eine Wanddicke in einem Bereich in der 
GrfiBenordnung von 0,5 - 1,5 mm (0,02-0,06 inch) hat. 

65. Verfahren nach einem der AnsprOche 44, 60, 61, 62 und 64, wobei die AuBenschicht eine Wanddicke in einem 
Bereich in der GrfiBenordnung von 2,50-6,35 mm (0,10 - 0,25 inch) hat 

55 

66. Verfahren nach Anspruch 44, wobei die InnenhOlse aus einem PEN-Polymer-Material hergestellt ist und die an- 
gehobene Temperatur in einem Bereich in der GrfiBenordnung von 60 - 120° C liegt. 
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me* "" Fom ”"S sseM « <*» to de, GraOenordndng von nicht 

Vdrfthren nach Anspruch 44, wobei die Zjddusdauer in einem Bereich in der GrsBenordnung von 4 • 8 Sekund.n 

4r,2o"cTn,^nd ^ 44 ','““ "i* " S " *> Bereich in der GrdSenordnung von 

40-120 C liegt und die Kerntemperatur in einem Bereich in der GroRenordnung von 5 - 8° C. 

69 ; WObei f 8 erete Hohlraumtem Peratur in einem Bereich in der GrSRenordnung von 
75 - 95 C liegt und die Kerntemperatur in einem Bereich in der GrSRenordnung von 60 - 70° C. 9 

Sm7° bei die t . erSte H0hlraUmtempera,ur in einem Bereich *" ** GrSRenordnung von 
iuo no C liegt und die Kerntemperatur in einem Bereich in der GrSRenordnung von 5- 15“ c. 

"T PEN tr* rWtola ,he in einom Bereich wx, 

270 295 C hat und die angehobene Temperatur in einem Bereich in der GrSRenordnung von 90 - 11 0“ C liegt. 

wSS t to UB f nSChiCht ein PET -P°Vnier-Material neben der InnenhOlse umfaBt, 

r h^nnH PCT ^ 0| y m ® r - Ma,enal e,ne Schmelztemperatur in einem Bereich in der GrSRenordnung von 260 - 275“ 
x Beret'ch to dor GrhBencxdnung von 55 

wai^^! Ch r^ nSP r: mCh M ’ WObe ‘ d ' 8 ,nnenhols ® aus einem Polyester-Polymer-Material hergestellt wird, das 
GrtOenoidnung^on * U " d ^ an9eh0bene TemperatUr h ei " em Bereich d " 

me^^^S^un^^hat ™ wobei der erste Formungsschritt eine Zyklusdauer in der GrSRenordnung von nicht 

Seiwnden liegt 74, W ° bei der erste For ™ngsschrm eine Zyklusdauer in der GrSRenordnung von 5-8 

2 rt S5 l c ?i^J^ Ch l r 74, * WObei die erste Hoh,raumtem Peratur in einem Bereich in der GrSRenordnung von 
80-150 C liegt und die Kerntemperatur in einem Bereich in der GrORenordnung von 5 - 60° C. 

111?^ r^T >bei di t erSt6 Hoh,raum,em P era tur in einem Bereich in der GrSRenordnung von 

110-120 C liegt und die Kerntemperatur in einem Bereich in der GrSRenordnung von 5 - 15“ C. 

der^ ?®£f* das Po'yester-Polymer-Material eine Schmelztemperatur in einem Bereich in 
von *!£%%” 280 " ^ C ^ Un<J d ' e an9ehobene Tem Peratur in einem Bereich in der GrSRenordnung 

p ’ W ? b6i * AuftenSchicht ein PET-Polymer-Material neben der InnenhOlse umfaRt. 

C b t d n . Z ^ f atenaleine Schmelztemperatur in einem Bereich in der GrSRenordnung von 270 - 285“ 

x einem Hoh,raumdruck "» einem Bereich in der GrSRenordnung von 55 

x 10° bis 103 x 10 6 N/m 2 (8000- 15000 psi) ausgefOhrt wird. 



50 Revendications 
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1 ^ d t d ! T Mi T dG r 6 p f.f seur d ’ une couche mterieure et d'amSIioration de I’adhSrence d'une couche dans 
un article mult.couche en mature plastique mould par injection, le procSdS comportant les Stapes consistant a : 

r d 'm b rf m ° Ule - Une C r, he de manch0n interieur (2°) entre une premiere cavitS de moule (11) et un 
noyau (9), la premiere cavitS de moule Slant chauffSe pour maintenir une surface extSrieure de la couche de 
manchon interieur £ une temperature £levee, 

transfSrer le noyau (9) et la couche de manchon (1 ) vers une seconde cavitS de moule (12) et deuxiSmement 
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mouler une couche ext6rieure (22) sur la couche de manchon alors qua la surface ext6rieure est a la temp6- 
rature 6lev6e, la couche exterieure (22) ayant une 6pai$seur plus grande que repaisseur de la couche de 
manchon interieur (20), la temperature 6lev6e etant s6lectlonn6e pourfoumir une adherence par fusion entre 
le manchon interieur (20) et la couche exterieure (22) pendant la seconds 6tape de moulage. 



2. Precede selon la revendlcation 1 , dans lequel l’adh§rence par fusion entre le manchon interieur (20) et la couche 
exterieure (22) comports une fixation par diffusion. 

3. Proc6d6 selon la revendication 1 , dans lequel I’adh6rence par fusion entre le manchon interieur (20) et la couche 
exterieure (22) comporte un enchevStrement de chatne. 

4. Proc6d6 selon la revendication 1, dans lequelle manchon forme une partie de manchon superieure (250, 340, 
190) de Particle, et la couche exterieure forme une partie de corps inf6rieure (260, 350, 180) de Particle. 

5. Proc6d6 selon la revendication 4, dans lequel une extrSmitd inf6rieure de la partie de manchon superieure et une 
extr6mit6 superieure de la partie de corps inf6rieure sont reli6es dans une partie intermediate de Particle. 

6. Proc6d6 selon la revendication 1, dans lequel la premiere 6tape de moulage forme le manchon Interieur (120, 
170) sous la forme d'une couche Interieure sur toute la longueur (121, 171) et d'une surface superieure (122 172) 
de Particle. 

7. Proc6d6 selon la revendication 1, dans lequel la premiere 6tape de moulage forme le manchon interieur (250) 
sous la forme d'une partie de longueur superieure de Particle et d'une surface superieure de Particle. 

8. Precede selon la revendication 1 , dans lequel la couche exterieure (260, 350) est constitu6e de multiples couches 
exttrieures. 

9. Precede selon la revendication 1, dans lequel Particle est une preforms (30, 330, 130, 160, 180). 

10. Proc6d6 selon la revendication 9, dans lequel la premiere 6tape de moulage forme une partie finie formant col 
(250, 340, 190) de la pr§forme. 

11. Proc6d6 selon la revendication 10, dans lequel la partie finie formant col est moulds d partir d'un polymdre qui 
cristallise pendant la premiere 6tape de moulage. 

12. Proc6d6 selon la revendication 10, dans lequel la partie finie formant col est moul6e d partir d'un premier polymdre 
ayant une temperature de transition vitreuse plus 6lev6e qu'un second potym£re qui forme la couche extdrieure. 

13. Precede selon la revendication 1, dans lequel le manchon a un poids situ6 dans une plage allant de 10 d 20 
pourcent du point total de Particle. 

14. Precede selon la revendication 1, dans lequel le manchon a une epalsseurde parol situee dans la plage allant de 
0,5 e 1,5 mm (0,02 d 0,06 pouce). 

15. Proc6d6 selon la revendication 14, dans lequel la couche ext6rieure a une 6paisseurde parol situ6e dans la plage 
allant de 2,50 a 6,35 mm (0,10 a 0,25 pouce). 

16. Proc6d6 selon la revendication 1, dans lequel le manchon interieur est forme d'un premier materiau ayant une 
premiere temperature de fusion, et la couche exterieure comporte une seconds couche adjacente au manchon 
interieur et constitu6e d'un second materiau ayant une seconde temperature de fusion inf6rieure a la premiere 
temperature de fusion. 

17. Proc6d6 selon la revendication 1, dans lequel la premiere cavite de moule (11) est a une premiere temperature 
de cavite et la seconde cavite de moule (12) est a une seconde temperature de cavite plus basse que la premiere 
temperature de cavite. 

18. Precede selon la revendication 17, dans lequel le noyau (9) est a une temperature de noyau qui est plus petite 
que la premiere temperature de cavite. 
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,9 ' Sit T e «l '• "’“ ,cto " "• <"» P*™- material! ayant an, 

p miere T g et la temperature eiev6e est dans une plage allant de 5 a 20°C en dessous de la premiere T g . 

2°. Precede selon la revendication 1, dans lequel le manchon est mouie e partir d’un premier materiau seiectionn6 
parm. le groups constitue d’homopolymeres, copolymeres, et de melanges de polyethylene naphtalate (PEN). 

21 ‘ une^wnSmo'lr! d ® S revendica,ions 1 e ‘ 20. dans lequel la couche exterieure comporte au molns 

a i * /pc-n jT ,r d Un second mat6riau s6lectionn6 parmi le groupe constituS de poly6thyl£ne t6r6Dh- 

SI 1 'T m T aU , d ' 6pUrati ° n d0 rOXy96ne ’ de PET da polyethylene, de poTypVyZ de £ 

lyacrylate, de polycarbonate, de polyacrylonitrile, de Nylon, et de copolymeres et de m6langefde wux-d. 

“• 13 rev A end ! cation ^ dans le£ l uel ''article a une partie de paroi laterals dans laquelle le manchon 

25 ‘ rSurfist ° n 1 ' d3n a 'T!' 16 manCh ° n int6rieurest «“»«“* d ’ un P re mier materiau et la couche 

comparison au pSmaterST ' * ' S " C ° nd mat6riaU a 08 teux de cri8tellisatton P^ 

26 ' ^? d f Sel ° n la revendication dans Nuel des premier et second noyaux (9, 10) sont foumis et dans leouel 
m» T' prem,er 80yau (9) est P 08 ** 0 "" 6 dans une premiere cavite de mouie (11 ) pour former 

d SStaS*' “f* ®* '® S ® COnd n0yau (10) ayant un second Inchon interieur positionn6 sur^L- 
sui^e s^rtf nwncho^ ' 3 S0COnde cavit6 de mouie (12) pour mouler une seconds couche exterieure 

SIS! 3 reVendication 26 ’ dans le d ue l la premiere 6tape de moulage comporte une p6riode initials sans 
la couch^e^rlar^iOT est^i^tem^^ire^L^e. ,e transfert a,ors *l u 8 la surface exterieure de 

SSie ZSH! an 1 d3 7 'T®' '® manCh ° n 851 8,00,6 d>un premier mattriau s«ectionn6 parmi le 
P ° lyasters ’ de polyesters ayant des agents de nud6ation, d’acrylate, de polyethylene naoh- 

Z+SSUZZ * !->«***. * « <te 

29. Precede selon la revendication 28, dans lequel la couche int6rieure comporte un second materiau seiectionne 

ienTtert 9 ht U n C ° 8 ! tt0 6 d'homopolym6res, de copolymeres, et de melanges d’un ou plusieurs parmi • polyethy- 
I6ne t6r6phtalate (PET), polyethylene naphtalate (PEN), et PET recycte. y 

3 °. Precede selon la revendication 1, dans lequel ('article (330) a une parlie de corps (350) et le precede comDorte 

88 S? ' 8XP88Si ° n d0 18 ^ d ® d ® '' artide P° ur un article expanse U aylt un^rte de C 

sensiblement transparente et orientee biaxialement (380). cor ^ 

! n ro d l d l“ ,0n 18 revendlcati °n 1. dans lequel le precede comporte en outre le refroidissement de I’article (330) 
I'artldeTuillT^T 6 tamp6ra,u " 3 de transition vitreuse d ’“n premier materiau de (’article, le rtchauffage de 
un^rt^ U ^pa^e d (370). rem ^ re temp6ratUre de transition vitreuse, et I'expansion de I'artide rechauffe pour former 

32. Precede selon la revendication 31, dans lequel I'artide expanse (370) a une T_ eievee ou une partie finie formant 
col supeneur cnstallis6e (340) et une partie de corps sensiblement transparente, orient6e biaxialement (380). 

33. Dispositif pour fabnquer des artides en matiere plastique mouies par injection, a plusieurs couches comportant : 



26 




un ensemble de premidres cavitds de moule (11 ) et un ensemble de secondes cavitds de moule (12), chaque 
premiere cavitd dtant adaptde pour former une couche de manchon Infdrieur (20) et chaque seconde cavitd 
6tant adaptde pour former une couche extdrieure (22), la couche extdrieure (22) ayant une dpaisseur plus 
grande que I'dpaisseur de la couche de manchon intdrieur (20). 

un mdcanisme de transfert (2) ayant des ensembles de premiers et seconds noyaux (9, 10) pour positionner 
successivement les ensembles de premiers et seconds noyaux dans les ensembles de premieres et secondes 
cavitds, 

dans lequel ('ensemble de premiers noyaux (9) peut dtre positionnd dans I'ensemble de premieres cavitds 
(11) pour mouler un ensemble de couches de manchon intdrieur (20) sur I'ensemble de premiers noyaux, 
alors que I'ensemble de seconds noyaux (10) peut dtre positionnd dans I’ensemble de secondes cavitds (12) 
pour mouler sur un ensemble au prdalable de couches de manchon intdrieur situd sur I'ensemble de seconds 
noyaux, un second ensemble de couches extdrieures (22), et 

des moyens pour chauffer (15) I'ensemble de premieres cavitds de manldre £ maintenlr la surface extdrieure 
de la couche de manchon intdrieur (20) d une temperature dlevde pendant le transfert et le moulage de la 
couche extdrieure (22) sur celle-d, la tempdrature dlevde dtant sdlectionnde pour foumlr une adhdrence par 
fusion entre le manchon intdrieur et la couche extdrieure. 

34. Disposltif selon la revendlcation 33, dans lequel la premldre cavltd (11) et le noyau (9) ddfinlssent une premidre 
dpaisseur de parol (tj) et la seconde cavltd (12) et le noyau (10) ddfinlssent une seconde dpaisseur de parol (t^), 
et dans lequel le rapport t^ est plus grand que 4:1. 

35. Disposltif selon la revendlcation 33, dans lequel le mdcanlsme de transfert est une tourelle rotative (2). 

36. Disposltif selon la revendlcation 33, dans lequel le mdcanlsme de transfert est une navette se ddplacant en va et 
vient (206). 

37. Disposltif selon la revendlcation 33, comportant des moyens pour dddencher le moulage des couches extdrleures 
dans I’ensemble de secondes cavitds tout en malntenant une pdriode sans action dans I’ensemble de premidres 
cavitds afin de faciliter le transfert alors que la surface extdrieure de la couche de manchon est d la tempdrature 
dlevde. 

38. Procddd selon la revendlcation 1 , comportant : 

le moulage par injection d'un premier matdriau thermoplastique pour former une premidre partie de prdforme 
(340) induant la couche de manchon intdrieur (20) ayant un pourcentage de cristallinltd moyen d'au molns 
environ 30 %, et 

mouler par injection un second matdriau thermoplastique pour former une seconde partie de prdforme (350) 
induant le manchon extdrieur (22) qui rests pratlquement amorphe. 

39. Procddd selon la revendlcation 38, dans lequel la premidre partie est sensiblement une partie de col (340) et la 
seconde partie est sensiblement une partie de formation de corps (350). 

40. Procddd selon la revendlcation 38, dans lequel le second matdriau a un taux de cristallisation infdrieur par com- 
paralson au premier matdriau. 

41. Procddd selon la revendlcation 40, dans lequel le premier matdriau est sdlectionnd parmi le groups constitud de 
polyester, de polyester ayant des agents de nuddatlon, de polymdres d’acrylate, de polydthyldne naphtalate (PEN), 
de polycarbonate, de polypropyldne, de polyamide, de polysulfone, de styrdne-acrylonltrile, et de copolymdres et 
de mdlanges de ceux-ci. 

42. Procddd selon la revendlcation 41, dans lequel le second matdriau est sdlectionnd parmi le groups constitud 
d' homopoly md res, de copolymdres et de mdlanges de I'un ou plusleurs parmi du polydthyldne tdrdphtalate (PET), 
du polydthyldne naphtalate (PEN), et du PET recycld. 

43. Procddd selon la revendlcation 41 , comportant de plus ('expansion de la seconde partie (350) pour former un corps 
sensiblement transparent et orientd biaxialement (380) d'un conteneur (370). 

44. Procddd selon la revendication 1 , comportant les dtapes consistant d : 
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1? i ri ! h , ' " eUr (20) SUf Un n ° yaU (9) P ° Sitionn6 dans la P^miere cavit6 de moule 
01), la premise Stape de moulage comportant un Stage de remplissage et un Stage de mise en pression 

du l2 U T f d6 / naintien 6t de refr °idissement de maniSre S maintenir la surface eLrieure 

manchon interieur £ une temperature 6lev6e pour une seconds 6tape de moulaqe 

ZTZZfS? S "“ s sur le no> “ (9) mals “ rer “ luW »>" s »» » 

13 °™T aXtt,l T a f 22 ) sur ,e manchon (20) situ, dans la seconds cavitS de moots 
(12) pour former I article moul£ par injection d piusieurs couches. 

^ la rev ® ndioati ° n 1a dans le quel I® manchon intSrieur est constituS d'un polymSre de PEN et la 

temperature 6lev6e est dans la plage allant de 60 & 120°C. 

* 8 d * nS '**“* " preml4 ™ 6We * "***■ a “ « <** <Mi n’est pee 

47. ProcSdS selon la revendication 45, dans lequel le temps de cycle est dans la plage allant de 4 S 8 secondes. 

46 ‘ T WC temSrall^ 45 ’ da " S ! eqU f ,a tem P6rature de premiSre cavltS est dans la plage allant de 40 
a izo c et la tempSrature de noyau est dans la plage allant de 5 S 80°C environ. 

*■ 25 *!l "T?. 13 temp4ra,ure * - *■» l» Wage atlant d. 75 

C environ et la temperature de noyau est dans la plage allant de 60 e 70°C environ. 

50 ‘ l0qUe ' 13 temperature de premiSre cavitS est dans la plage allant de 100 

IOC envtron et la tempSrature de noyau est dans la plage allant de 5 £ 15°C environ. 

**’ o7c1 lar ® v ® ndi<ation dans lequel le polymSre de PEN a une tempSrature de fusion dans la plage 

allant de 275 S 295 C environ et la tempSrature SlevSe est dans la plage allant de 90 S 110°C environ. 9 

manchoMntSrieurJe potyn^^ t^^rat^^e ^irm s^e^ans^pi^^anart de ^0^ 275 “C 
ITlM x^O® ^ e * f0CtU ^ e 4 Une pression d® cavitS dans lavage aNant de^>5^ 106 

53 ' %%L Se, T :® VendiCati0n *’ dans lequel ,e manchon intSrieur est constituS de polymSre de polyester qui est 
cnstal.^ pendant la premiSre Stape de moulage et la tempSrature SlevSe est dans la p™ge JS S S u£ 
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55. ProcSdS Moo lo r.vsndlcation 45, dans lequot Is temps de cycle est dans [a plage allant de 4 S 8 seconds. 

“ ^ ^ la .^" J lcMonK ' aa " 3 ^“° lla ^Md»de OTI nia re c,«.sldanalaoad.allMd..4 
150 C et la temperature de noyau est dans ia plage allant de 5 £ 60°C environ. 

5? ' l8qUel ' a temp6rature de premiSre cavitS est dans la plage allant de 110 

20 C environ et la temperature de noyau est dans la plage allant de 5 £ 15°C environ. 

58. ProcSdS selon la revendication 53, dans lequel le polymSre de polyester a une tempSrature de fusion situSe dans 
la plage allant de 280 S 290°C environ et la tempSrature SlevSe est dans la plage allant de 115 S 125°C environ. 

59. ProcSdS selon la revendication 53. dans lequel la couche extSrieure est constituSe de polymSre de PET ayant 
est effe^flpT® S '° n “Hf* 8 da " S ' 3 pla9e a " ant de 270 4 285 ° C environ et la seconde etape de moulage 
15000 psO Une PreSS ' 0n CaVH6 SHU6e danS 13 Pla9e a " ant dS 55 X1 ° 6 4 103 * 106 N/m2 environ (8 000 * 



60. ProcSdS selon la revendication 44, dans lequel : 
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le manchon interieur est en polymere de PEN 

pendant la seconde etape de moulage la surface exterieure du manchon est a une temperature eiev6e situ6e 
dans une plage allant de 90 a 100°C environ et la couche exterieure comporte une premiere couche ext6rleure 
de polymere de PET adjacente au manchon int6rieur, et dans lequel le polymere de PET a une temperature 
s de fusion situee dans une plage allant de 260 e 275°C environ et ia seconde 6tape de moulage est effectu6e 

e une pression de cavite situ6e dans une plage allant de 55 x 10 6 a 103 x 10 6 N/m 2 (8 000 a 15 000 psi) 
pour obtenir une adherence par fusion entre le manchon interieur et la couche exterieure pendant la seconde 
etape de moulage. 

to 61 . Precede selon la revendication 44, dans lequel : 

un manchon interieur est constitue de polymere de PEN moul6 

pendant la seconde etape de moulage la surface exterieure du manchon est a une temperature eievee situee 
■ dans une plage allant de 90 a 1 00°C environ et la couche exterieure comporte une premiere couche exterieure 
to de polymere de PET adjacente au manchon Interieur, et le polym6re de PET a une temperature de fusion 

sltu6e dans une plage allant de 260 a 275°C environ et la seconde etape de moulage est effectuee a une 
pression de cavite situ6e dans une plage allant de 55 xIO 8 a 10 3 x 10 6 N/m 2 (8 000 a 15 000 psi) pouraboutir 
a une adherence par fusion entre le manchon interieur et la couche exterieure pendant la seconde etape de 
moulage. 

20 

62. Precede selon la revendication 44, dans lequel : 



le manchon interieur est constitue de polymere de polyester qui est cristallise sur le noyau pendant la premiere 
etape de moulage, et 

pendant la seconde etape de moulage la surface exterieure du manchon est a une temperature eievee situee 
dans une plage allant de 1 1 5 a 1 25°C environ et la couche exterieure comporte une premiere couche exterieure 
de polymere de PET adjacente au manchon Interieur, et le polymere de PET a une temperature de fusion 
sttu6e dans une plage allant de 270 a 285°C environ et la seconde etape de moulage est effectuee a une 
pression de cavite situee dans une plage allant de 55 x 10® d 103 x 10® N/m 2 (8 000 a 15 000 psi) pour 
aboutir a une adherence par fusion entre le manchon Interieur et la couche exterieure pendant la seconde 
etape de moulage. 



63. Proc6d6 selon I’une quelconque des revendlcations 44. 60, 61 et 62, dans lequel le manchon a un poids situ6 
dans une plage allant de 10 a 20 pourcent environ du poids total de I'article. 

64. Proc6d6 selon I'une quelconque des revendlcations 44, 60, 61 et 62, dans lequel le manchon a une 6paisseurde 
parol situ6e dans une plage allant de 0,5 a 1,5 mm (0,02 a 0,06 pouce). 

65. Precede selon I'une quelconque des revendlcations 44, 60. 61, 62 et 64, dans lequel la couche exterieure a une 
6paisseur de parol situ6e dans une plage allant de 2,50 a 6,35 mm (0,10 a 0,25 pouce). 

66. Precede selon la revendication 44, dans lequel le manchon interieur est constitue d'un polymere de PEN et la 
temperature eievee est dans une plage allant de 60 a 120°C environ. 



45 67. Precede selon la revendication 44, dans lequel la premiere etape de moulage a un temps de cycle qui n'est pas 

plus grand qu'environ 8 secondes. 

68. Proc6d6 selon la revendication 44, dans lequel le temps de cycle est dans une plage allant de 4 & 8 secondes 
environ. 

50 

69. Precede selon la revendication 44, dans lequel la temperature de premiere cavite est dans une plage allant de 40 
a 120°C environ et la temperature de noyau est dans une plage allant de 5 a 80°C environ. 

70. Proc6d6 selon la revendication 69, dans lequel la temperature de premiere cavite est dans une plage allant de 75 
ss a 95°C environ et la temperature de noyau est dans une plage allant de 60 a 70°C environ. 

71. Precede selon la revendication 69, dans lequel la temperature de premiere cavite est dans une plage allant de 
100 a 110°C environ et la temperature de noyau est dans une plage allant de 5 a 15°C environ. 
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"■ 66 ’ d “ le «' *> **»*• *le PEN a une tempOmtur, a, fusion siluS, dans 

P g allant de 275 a 295 C environ et la temperature 6lev6e est dans une plage allant de 90 a 110°C environ. 

• 73. Proc6d6 selon la revendication 66, dans lequel la couche inteheure est en polymere de PET adjacente au manchon 
inteneur, le polymere de PET ayant une temperature de fusion situ6e dans une plage allant de 260 a 275°C environ 

M U ^ Poos lequel le manchon Intprieur est constitup d'un polymere de polyester oul 

“** * m ° Ula9e « “ «»vee est ,1 1 p, eg, alKtTs 

"■ K? Mm 14 revm * 0a "«" "• *" 8 'fuel » <“"Pe <le cyde est dens une pteg. atop de 5 P s sondes 

77 ™"' a :':"‘ ,IC ;S. 74 ' "n* '""“"a temperature de premime cavrtSestd.nsuneplag.allanldeM 

e 150 C erraron et la temperature de noyau est dans une plage slant de 5 a 60 -C 

"• le,,,,!l1 18 * I' 8 ™* 8 eevlteeetdane une plage allant de 

110 a 120 C environ et la temperature de noyau est dans une plage allant de 5 a 15°C environ. 

?9 ' rn^e^ir2 V 8o1 i ^cIn^ nS 'uT ** 8 Une tem P 6rature *» fusion situ6e dans 

p ag allant de 280 a 290°C environ et la temperature 6lev§e est dans une plage allant de 115 a 125°C environ. 

8 °' S„?T la T nd , icati0n 74 ’ dans *** ia ““che extarfeure comporte un polymare de PET adjacent au 
285°C envIrnn'etT' 6 ** PET ayant une tem P 6rature <1® fusion situ6e dans une plage allant de 270 a 
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Fig. 1C Fig. ID 
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Fig. 2B 
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Fig. 5C 




Fig. 5D 
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Fig. 12 
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Fig. 13A 




Fig. 13B 
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